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PREFACE. 



If a genhifi in the lurt of Smoke-dispersion were to suggest the 
collection of all the smoke of London in one huee chimney^ he 
might possibly gain the approTal of a select circle of theonsts, 
but would not be likely to receiye the appointment of engineer to 
a Metropolitan Smoke-Commission. Nor, indeed, if he qualified 
his proposition so as to embrace a separate chimney for each side 
of the Thames, or a high leyel chimney for Hampstead, and a low 
level one for Whitechapel, would he materially improye his chances. 
It might be suggested, that these main chimneys must needs be of 
rather formidable dimensions, somewhat costly in construction, 
and after all, of questionable utility. The difficulty of inducing the 
ftggi^g&te of metropolitan carbon to pursue its course obediently 
to two or three outlets without accidental or capricious escape by 
the way, and the cyclopean functions of these outlets when reached, 
would occur to the practical mind of London as serious contin- 
gencies, and probably frighten it from any further consideration of 
the project. But even should the scheme win the sanction of in- 
dividuals in the hope that it might obviate the difficulty of obey- 
ing the legislative prohibition against smoke, it could scarcely fail 
to force the question how to dispose of the emissions of the two or 
three metropolitan chimneys, so as to prevent a great nuisance in 
their localities equal to the sum of ail the little nuisances that 
have hertofore pervaded each district of the town. Beyond other 
objections, however, one would effectually negative the proposal, if 
it could be shown that, so far from the smoke being smiply a 
matter to be got rid of. it was really a valuable material profitably 
applicable in the suburban districts surrounding the metropolis, and 
that its conduction away to two or three distant points would 
therefore impose the expense of bringing it back for ultimate ap- 
propriation. 

Is not this supposed case of London smoke a fair parallel with 
the proposed case of London sewage ? It is submitted as such. 

Is it necessary, or advisable, or economical, to construct miles of 
tunnels, and literally siTiJk millions of money in order to take to 
Barking, or other remote districts, and in quantities nearly unma- 
nageable from their immensity, that which may, without offence 
to our senses, be prepared for profitable use on the lands in other 
directions around the metropolis ? 
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IV PKEFACE. 

It is submitted that the answer must be in the negative, if the 
possibility of so appropriating the sewage be admitted. 

Even if this possibility were not already ascertained, would the 
adoption of the tunnel scheme be justifiable, pending the inquiry, 
or until it had been fully. proved that no system of District 
Collection and treatment of sewage could be innocuously and 
profitably resorted to ? 

It is submitted that the answer must stiirbe in the negative. 

It is further submitted, that if the evidence in favour of Dis- 
trict Collection is yet incomplete, it is simply because it has nojt 
yet been sought, and that while the soundness of the principle is 
. patent to our common reason, the value of its application is con- 
sistent with all experiments hitherto instituted. 

In the following pages, the circumstances of site and position of 
towns generally are described, and the conditions to be observed 
in order to accomplish the purpose of town-drainage are laid 
down with reference to these circumstances. By way of illus- 
tration, the works constructed for the drainage of London are de- 
scribed at considerable length, and most of the prominent projects 
for its improvement are referred to. Reports from eminent 
engineers are quoted, and an attempt is made to present a sketch 
of the present position of the question, " How may London be 
eflfectually drained ? " 

From some of the recommendations quoted, a dissent is ven- 
tured, upon the ground that our evidence as to the best and 
most profitable disposal of town sewage, although not yet com- 
pleted, is sufficient to establish the principle of Distkitt Collec- 
tion as opposed to that of Concentration. Upon the treatment 
of sewage much valuable experience is recorded in the Appendix, 
and a further pursuit of this subject will, it may be reasonably ex- 
pected, show us precisely how to deal with the sewage of any 
town, and, in reference to our own metropolis, dictate the details 
of arrangement. of stations and apparatus for converting its sewage 
into valuable manure most readily and economically available for 
agricultural and horticultural purposes. 



Note. — SiTice the Appendix was prepared for press, permission 
has beefi obtained in the Mouse of Commons for inlroducing two hills, 
one of which is to continue the existence of the Metropolitan Ckymr 
mission of /Sewers for another year, with a limitation of its powers, 
and the other to contimte the General Board of Health for two years, 
with such a revision of its constitiUion as wiU place it under the 
authority of the Home /Secretary, 
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DRAINAGE. 



DIVISION II. 

DBAINAQE OF TOWNS AND STBEETS. 

SECTION I. 

Classification of Towns according to Position and Extent. — Varieties of 
Sur&ce, Levels and IncHnations. — Application of Sewage Manure. — Me- 
tropolitan Sewage Mannre Company. — Methods of treating Sewage. — 
Magnitude of London Sewers. — The Fleet Sewer. — Metropolitan Com- 
mission of Sewers. — The Tunnel Scheme. — Great London Drainage Bill. — 
Messrs. Stephenson and Cubitt's Evidence. — General Board of Health. 

194. According with our definitions (Part I. p. 1), we 
propose to treat of the mpply of water to towns and huild- 
ings as a branch of the general subject of Drainage f since 
the purposes of the art cannot be effected without an ade- 
quate and regulated supply of water by a combination of 
natural and artificial agencies, the extended control over 
which constitutes the purpose of wator-supply for all high- 
way, manufacturing, and domestic uses. 

195. The means of obtaining water for towns, and of 
conducting the drainage matters from them vary, mainly, 
according to their position with reference to the sources of 
water; and, in a subordinate degree, according to their 
superficial extent. The som-ces being those already enu- 
merated in our First Part, viz. rivers, rains, and springs, the 
command of one or more of these will be presented as the 
most economical means of deriving the necessary supply 
for each town under consideration. Towns situated on the 
banks of tidal rivers, or in near proximity to them, may be 
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S rOSITION FOR PvECEPTACLES OF SEWAGE. 

usually sufficiently supplied from these sources, unless some 
parts of the district extend upward to such elevation above 
the river-level that the raising of this supply requires ex- 
* pensive artificial power; in which case springs at higher 
levels may be advisably resorted toj or the drainage waters 
from superior lands may be so conducted as to assist the 
supply. Towns which are far distant from rivers are com- 
monly entirely dependent upon springs or drainage waters 
for their artificial supply. 

196. The refuse matters to be discharged from towns and 
buildings, — cohsiSUng of thtS di^ititiegrftt^d materials of 
street paving and roads ; of superfluous rain water ; of ex- 
crementitious matters, s'dlid and liquid ; of the waste pro- 
ducts of coittbhsiiott; of the reftiSe irf animftl and vegcttible 
substances ; besides the various waste ittatl^rs tised in ttia- 
nufactures, — ^require arrangements of different kinds to be 
provided with regard to the purposes lo which these mat- 
ters miay be usefully applied. For such discharges of these 
matters as are to take place through subterranean channels, 
one princij)le is, however, common to all, Viz. IhAt the re- 
ceptacle to which th^y are condutited hiuSl bfe sittiat'ed' at H 
level somewhat lower than Ihat from which they ^re for- 
warded. The arrangetiieiits for this jpur^ose will, th^irdfore, * 
be varied according to the nature of the Site of the Idwn. 
If this be low In relation to the surrounding couiitry, ftnd 
level, the refuse may be indifferently collected within ot 
without the town, with, however, the advantage in the latter 
plan of avoiding such exposure of the decotnjposed mtitters 
as tends to pollute thitj atmosphere, iftnd at the samS tim* 
saving distance in the transfer of such portions of th<)s^ 
matters as are destined for agricultural uses. If the site df 
tlie town b^ a valley with lowet groiind in the midst of it 
than is found anyWher^ without its limits, the readiest point 
of collection will be the lowest level in the tbwrt itself at 
which the drainage can be united, and artificial power will 
be required to distribute such matters as are intended for 
agricultmul purposes kround the higher ground outside. 
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RIVERS KOt to Bl MADiE SJEWERS. • 

Frotil \mn% which oc^iipy eleVated sites, having lower land* 
aiotttid thetn, th« refdise mattei^ and drainage waters should 
h^ conducted iftwtty At once; ot, if found necessary to coUecl 
them, a point or points should be selected for this purpose 
altogether beyond the limits of the town itself. 

197. lA the several cases here supposed, the question of 
diisj^ositig of the refusift matters should b^ treated without 
llfty i?^ren6e whatever to thd presence of A river through 
or contlgttotis to the town, ejtcept upon the single consi- 
deitttion ^At sudi rivet, being in all probability situated aI 
the lo#i^t l^rA of the site, may afford facilities, after th* 
defuse had bdeh collated in i^serVoii^s neaf its banks, for its 
tW>nVeyattce ift suitable barges Or vessels towards the higheif 
lAiids foi* Which feome portioh bf thiiS refuse is ultimately 
destined. FoiTher j^ractice in the art of town-draining has 
indeed regarded the one question of river or no river, as the 
grand detei-minal one for the disposal of drainage and 
refuspe matted. How to get rid of the animal ordnr6 
created within thfe Walls Of a toWn,* Wa^ formerly deemed to 
be satisfactorily answered proSdded a river flowed beneath, 
and offered A tid^ to wash aWay in boundless wasteftilnesS 
those matters which, property Applied, will endow barren 
lAnds With the richest fertility. 

1^. Although reliictaiit to dwell up'6h the trite subject 
of the irnpoftance of duainihg, Wie claim Attrition to this 
greAt leading principle Ift the drainage of toWns and build- 
ing^, Vi4. ihAt the ultimate economy of the art comprehends 
two distinct pui^oses, whereof the second^the disposal 
tod "utility of the refuse matters-^is little less in importance 
U^ta the Brst— the discharge of these matters from the 
dw^lling^ and highways of men. And the accomplishment 
Of this feecond purpose involves the beneficial appropriation 
t>f b^ftxse matters so as to iftAke them actually productive, 
tod avoid Interference with those healthy uses of inland 
Waterti fo* which they are properly adapted. In illustration 
of tiiis prittfeiple We will endeaVOttr to estimAte the Value 
for agricultural purposes of the excrementitious matters 
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ANALYSES OF MANURES. 



flowing from a town, from which estimate the pernicious 
effects of discharging those matters into the courses whence 
the supply of water is derived for the several uses of the 
population may he readily inferred. 

199. The value of maniu-es as promoters of vegetation 
is known to result from tlieir possession of the essential 
element, nitrogen, in the form of ammonia, with the sub- 
ordinate properties of alkalies, phosphates, and sulphates. 
Now, the experiments of Boussingault and Liebig have 
furnished us with the means of estimating the quantity of 
nitrogen contained in the excfements of a man during one 
year, at 1641 lbs., upon probable data, and also that this 
quantity is sufficient for the supply of 800 lbs. of wheat, 
lye, or oats, or of 900 lbs. of barley. ** This is much more 
than it is necessary to add to an acre of land, in order to 
obtain, with the assistance of the nitrogen absorbed from 
the atmosphere, the richest crops every year. By adopting 
a system of rotation of crops, every town and farm might 
thus supply itself with* the manure which, besides con- 
taining the most nitrogen, contains also the most phos- 
phates. By using, at the same time, bones and the lixi- 
viated ashes of wood, animal excrements might be com- 
pletely dispensed with on many kinds of soil. When human 
excrements are treated in a proper manner, so as to remove 
this moisture, without permitting the escape of ammonia, 
they may be put into such a form as will allow them to be 
transported even to great distances."* Making reasonable 
allowance for the reduced quantity produced by children, 
we shall be safe in assuming the nitrogen thus resulting 
from any amount of population to be equal to tlie supply- 
required for affording 2 lbs. of bread per diem for every 
one of its members ! Or assuming an average of 600 lbs. 
of wheat to be manured by each individual of the popula- 
tion of London ; and taking this at two millions, for a 
rough calculation, the manure thus produced is sufficient to 
supply the growth of wheat of a total weight of ISOO mil 

* Liebig. 
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QUALITY OF TOWN-SEWAGB. D 

lions of pounds, or 585,714 tons. The total manuring 
matters, solid and liquid, produced in a town, allowing for 
those which are produced in manufactories and sewage 
water, are probably equal in weight to one ton annually for 
each member of the population, or two millions of tons 
produced in the metropolis. 

200. That this vast quantity of manure should be made 
available for agricultural production is a principle which 
cannot be denied, and which is properly limi table only by 
the consideration of expense as weighed against the value 
of the results. The expense will be made up mainly of 
three items, viz. of the collection, of the raising, and of the 
distribution of the refuse, matters. The collection being an 
item common to all methods of disposal, will not be 
chargeable entire in any comparative estimate, but as modi- 
fied by the peculiarities in the collection of ^ which the plan 
is susceptible. The cost of raising is of course wholly 
chargeable to a system of artificial dispersion, as distin- 
guished fi'om the prevailing modes of self-discharge into 
low channels, but the former system will be debited only 
with the excess of expense (if any), beyond that incurred 
by the present methods of distributing the manuring mat- 
ters for use upon the land. The cost of each of these 
works, however, may be reduced to a minimum by skilful 
arrangements, and our experience is yet insufficient to ena- 
ble us to determine these with that precision which further 
practice will secure, or to estimate their total with the ex- 
actness necessary for forming a just comparison between 
the present and the proposed n;iethods. 

201. In a subsequent part of our work we propose to 
consider the*items of cost in carrying out an efficient sys- 
tem of town-drainage ; being satisfied, at this stage of our 
subject, in declaring the fundamental principle that the 
refuse of a town, including not only excrementitious, but 
all other waste matters and sewage, is far too valuable to be 
thrown away; and that the question of its appropriation 
should be made dependent only upon rules of a liberal 
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^oiiomy, wbicb ought, moreoyer, to be seyeraly cnti^ii^ 
before admitted to practical consideration. 

202. Th^ palpable inference from tbis prinvuple is, as 
already stated, that the contiguity and position oi «k riyer, 
with reference to a towp, hi^ve qo necessary connection witb 
the arrangement of its drainage beyond the facilities ivhiei^ 
may ba thus afforded for the passage or subsequent conyey- 
ance of- the sewage matters for their ultimate disposal* For 
it is quite c^tain that no correct general yiews of ioimh 
drainage can preyail w}ule we conti]|[iue to i^ard a liver as 
the natural an4 suitable trunk newer into whiob all eollat 
teral and v^sijx courses of brickwork are to discbarge their 
fpBtid contents, which, according to the state of the riyer, 
are either iminediate^y spread npon its banks to oontamis 
nate the air of t^e town, or d\ily infused in its wsters, t^ be 
afterwards exposed with the sf^e yioious ^eots* 

2Q5. From the principles ^er^ laid down, it will bo nn? 
d^stood thi^t in the twofold purposes of the drainitg^ of 
towns, vi^. the supply of water, and the disah^n^ c^d dis-. 
posal of the refuse matters, the relativo levels of the town, 
with t|ie adjacent districts, and pf the seyeri^ poisons of 
the town with ^ach other, are the mai^^ consi4orfttions upon 
wlxich the peculiar n^ethods to be ^dppted in e^oh case are 
determinable ; but it will also be evident that, generally, 
those surfaces which are ihe most, fayeur^^ble for an eeono-; 
mipal water supply are thei least 90 for the ready dispoasl of 
refuse matters, ^4 fte converse is equally true ; th<ise sur^ 
ff^^es which present facilities for dispersing drainftgo-m^ttera 
being commonly the least acoessihle to water, 

204. Thus the flat distriets on the n^argms of were and 
inland streams of adequate capacity are tham<%t fayouraUei 
sites for towns for the supply of water, but for drainage 
ihey aro the least so $ since the main channels or aewera 
are require4 to he laid at low levels, and the raising of their 
contents for use upon the neigbhrnu^ing lands, which ace 
probably much higher, becomes a very expensiive process. 
On the other hand* a tevi^ en a hillT^top is the mast uaidify 
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CLASSIFICATION OF SITES. 7 

and cheaply drained ; but its supply with w&ter, whether 
from springs, rivers, or surface draiftage — all at lower levels 
-rr^s % worjc of grei^t and Constant epst. 

1/6% US (KitnMder the seyefa^ k|n4s of sit§ Y^hich town£| 
pp^y ftac^py. 

?0$. Fir^' — ^A plain or flat surface, with su^roundiiig 
cuflnUy ^ similar charac^. Tf a«^ fyovfi rivers, springs, 
or fwtt^ the surface of lands w tb^ neighboiffhood. Avti- 
ficial power will be probably required to ra^se tl^^ water, 
l|PW0ver deri'^ed. The dr^mgif matters mvist he conducted 
il^ta QXK^ (UP mpre mt^n sew^^, fu^d r^^d l>y ^Ttific^l pow^ 
for di^arsion upoQ the la^id. 

906. Second, — ^A p)aiu qr fl^t surface, with su^ounding 
oountry rising from the town. Unless Avell situated with 
regard to a river, the supply of wa/^ will p^obab^y Jje the 
mast economically obtained from springs pn the hills, or 
from the p^e0tioA of the paters whic^i accumulate upon 
th^ir surface. The d^^^in^^ mait^rs^ if destined for the 
higher hoid^, should he generally conducted ^y mains 
towards the outskirts of the town, ^nd the que^tiop of levels 
i^U evid^tly deri^ additional importance £t-om the neces- 
sity of raising the s^w^ge to levels natui^ly above that of 
the to^nii itself. 

80T. Tkird.rrrk plain or flat surfap^, with surrounding 
opuutiiy faUiug frpm the tpwp. The supply of water beyond 
that d<yriveii from wcills ^d &iprings will req^ije suiiflcial 
fiawer> while the d/^ai^a^ m^^ien may he coUpcted in i\iain 
ap^era, a»d, in all prohabihty, dispprsed ^vithput any appU-; 
cation pf power, hy ttp forcp pf their own gravity. 

208. Fourth. — An inclined surfacp on the side pf a hill* 
W(^ will be derivahlp, prohftWy, from s^evp^al ^owpes.. If 
a river flow at the base pf the site, the lower parts of the 
tpwtt will be most pppnomic^y supplied from it, i^vhile for 
the higher the surface water from la^ds above or springs 
will he the most i^adily available. The general system of 
collecting and distributing the drainage maters will be 
chiefly dependent upon the localities where they are in- 
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8 ARTIFICIAL POWER. 

tended to be ultimately disposed of. If these be on the 
lower part of the hill, the method will be very simple, re- 
quiring only that main sewers be laid at the base of the 
town, from which the sewage may be distributed without 
any application of artificial power. But if the disposal of 
the sewage be inevitably desired on the lands above the 
town, the site constitutes one of the least favourable for 
economical drainage, which will require a constant expendi- 
ture of ai-tificial power. 

S09. A river-valley and a hill-top will evidently present a 
repetition or duplication of similar features to those here 
described, the ordy limitation in the resemblance being that, 
in the case of a town on the summit of a hill, the water 
supply will, most probably, be derivable only from lower 
sources by artificial power. 

lu these sketches the general superficial features of the 
site are of course only referred to. Intermediate undula- 
tions which may exist will ajQect the determination of the 
details of any arrangement of channels designed for serving 
the drainage of the town. 

210. With reference to the artificial power which may be 
required for the supply of water, or tiie discharge of the 
drainage matters, if a tidal river can be commanded, it 
becomes a question of the highest importance whether this 
cannot be, and, if so, in what way, made available as a 
source of the power required. And another question de- 
serving the most attentive consideration is, whether the ebb 
tide may not be rendered efficient in aiding the discharge 
of the sewage where the fall is inadequate to insure its self- 
discharge. 

211. As a general principle in town drainage, however, it 
should be so arranged and conducted as to require no arti- 
ficial supply of water. The surface water should always be 
made sufficient to carry away all refuse matters, solid as 
well as liquid. Two reasons exist for this : first, the econ- 
omy of the water, which in many cases is a paramount, and 
in all should be a leading, consideration; and, secondly, 



,y Google 



SITUATION OF LONDON. 9 

the dilution of the sewage with any unnecessaiy liquid 
involves more capacious arrangements for its diffusion, and 
in most instances an extravagant amount of power to raise 
it. 

213. The utmost economy of water for draining pmposes 
can be secured only when a sufficient inclination in the 
sewers can be obtained. The methods of making a fall 
the most effectual are, therefore, deserving of the most 
careful attention in every scheme for town-drainage. The 
application of the tidal waters for assisting the discharge 
of the sewage can consequently be entertained only with 
reference to the principal main sewers at the lowest level, 
and with such adaptation, if practicable, as will admit 
the subsequent separation of the proper sewage matters 
from the water thus introduced to aid their progress and 
discharge. 

213. Although the rules here suggested should be kept 
in view as leading objects in all arrangements of town- 
drainage, they will in many cases be admissible in part 
only, owing to the reference to existing works which is 
imposed upon us. Thus, in all towns for the attempted 
drainage of which some arrangements or other have already 
been executed, our practical operations become doubly dif- 
ficult, since we are constrained to endeavour to reconcile 
these with the improved details which correct principles 

. induce us to prefer. By way of illustration, which will be 
found fully instructive, let us turn our attention to the 
works now in action upon and beneath the surface of our 
own metropolis, and consider how the principles here 
stated can be the best applied to improve the means of its 
drainage. 

214. LONDON, standing upon a bed of clay, the sub- 
strata to which, successively, are plastic clay, chalk, and 
gault, occupies a part of the valley through which the river 
Thames has its course. The site of the town in some 
places rises gently from the river, and at others is below 
the level of high water, extending in dead fiat districts. 
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10 TOE TQ4m«i IQH filBili^ MtWEB. 

Pw the (qrmcipftl piurt, hoover, tb^ %wSm^ me^ ftb^TQ tba 
riv«p, wbiob therefore came to be re§m?46d ^ ti|ie mUi^i 
mA pvap^f chaupQl lotr %\\ tbe 4mi»age of tb^ igm^t tt^f 
main sewers having been arranged to discharge their con- 
tmUk i^tp it Indeed, sa tbei^ugbly was tbiy pu?PQ9§ of 
tbe river former^ re«Qgni«ed, that tiie Tb^^e^ was ffupi- 
liarly tended the ** (?r0iiii Sm^er of f^ondo*." 

8i$. Now, Ia order to m^ike thia metbQd elfeotiv^ of pnly 
one of the true purposes of draipage, via, the mere getting 
ri4 of the sewage xaatters,-^it is evident that the arrtwge- 
ment must be aneh, that the wbQle of these matters^ are 
duly colleoted in -the buiidinga and streets, and deUv^«d 
into the sewers; also, that these are so constructed and 
situated that the matters tliey receive shall pass as rapidly 
as possible, and certainly without any interruption that 
would amount to stagnation, into the main sewers, and that 
these again ^Euthfully and promptly convey the sewage into 
the final receiver, the river. So far, however, fram being 
fulfilled in their entii'ety, no one of these conditions ia fully 
and satisfactorily discharged. Thus, in many parts of the 
town, the refuse matters are collected in holes beneath the 
houses, and removed only when these holes become filled, 
and the surrounding soil permeated to si^persaturation. 
Some districts have no sewers or drains of any description ; 
and again, of the sewers which are cmistructed, very — ^very 
few, are formed with a rate of decUvity sufficient for the 
self-discharge of the sewage, while many of them are laid 
perfectly level. Attempts are made in some districts to 
ohviate the evils of insufficient decUvity, by a flushing of 
water through the sewers, the virater being, for this purpose, 
accumulated for a time, and then suddenly released, so as 
to produce the effects of a powerful current. Of these 
methods some details will be found in a subsequent part of 
this treatise ; but they can be regarded only as palliatives, 
and expensive ones, applying, moreover, to one only of the 
many imperfections of the present syatein. The crowning 
delsol, however, exists at the last stage of this maeUneiy^ 
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vbere Uie outfalls of tb^ sowcwrs intq tUe riv^r ^re so low, 
thai their cqnt^ats are d^vered at, or a little above, low- 
v^ater level. The d^oompo$mg matters are consequently 
deUvai^ed upon the banks of the riyer, aud left ibere to 
sta^^te and p«i$Qn the atmosphere, and to b^ brought up 
with the »6xt tide for the thorough pollution of the watei*s. 
This IS an irremediable evil of the present arrangement, 
by wbioh no adequate fall can be obtained for the sewers, 
consistent with their discharge into the river near the higU- 
vvater level, the only position in which the sewage could be 
^:^^tuaUy conveyed away Irom the higher towards the 
Ipwar districts. Into some of ihes^ sewers the water of 
the tide is permitted to enter, the immediate consequeiic^ 
of which neaadsanly is, that the disehai^e of the sew^g^ is 
suspended, and the gases engendered by the decomppsing 
matter within the sewers are driven back towards the town. 
The Vftum of the tide of course assists the outfiowing of 
the contents of the sewers to some small extent ; but, not- 
withstanding this expedient for assisting the discharge, the 
sewers are found to requure periodical cleansing by hand, 
the foul matters being raised to the surface in buckets, and 
conveyed away in carts. 

216. Of the many details of imperfection which mmk the 
fisting combination of arrangements constitutii^g the sewer- 
age of the metropolis, all whp have studied tlie subject ai-e, 
to son)e extent, cognizant, and all are equally prepared to 
admit the magnitude of the several improvements which 
have been made within the last twenty years, and which 
tend to alleviate some of the most palpable evils of the 
prevailing system; but no thorough rectification can be 
effected until the coiTect prlpciples of town-di'auiage are 
recurred to, and applied with such modifications as may 
enable us to make the best use of existing avrangements, 
without sacrificing objects of greater magnitude %nd im- 
portance. 

217. All the real difficulties of the drainage of London 
have their origin in the great error of attempting tc convert 
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the river Thames into the common receiving sewer. In 
the attempt to accomplish this improper object, the sewage 
is brought down from the high lands, distances of miles, 
and heights of many feet, away from the very points where 
it should have been collected, and would be at once avail- 
able for agricultural purposes. In the same attempt it has 
been found necessary to construct the lower ends of these 
sewers of immense size, in order to contain the accumu- 
lated sewage with which they are thus loaded. As the 
buildings have been extended, or a necessity has arisen 
for accommodating lower levels, the main sewers have been 
industriously removed, and rebuilt below their former posi- 
tion, and theu' capacity enlarged, to provide for the in- 
creased quantity poured into them. In the same obstinate 
attempt to pollute the waters of the river, miles of sewers 
have been constructed without any declivity whatever, on an 
absolute level, in which, as a nece^aiy consequence, the 
refuse matters accumulate and solidify, until some happy 
' rush of surface-waters sends them onward to the common 
receptacle, from which the population has the privilege of 
afterwards supplying their personal and household wants. 
Now, let us banish the notion of turning our rivers into 
sewers, and consider how the sewerage could be best ar- 
ra:nged, supposing it had to be done as an entu^ely new work, 
and that we were unfettered by any consideration of making 
present subterranean structm-es available for the purpose. 

218. Without seeking records of the actual levels of any 
one of our river-watered towns, we may assume as a feature 
common to many of them the existence of several ranges 
of elevation, running parallel, or nearly so, to the dkection 
of the river, which we will suppose to be generally east and 
west. These ranges of elevation wiU be interrupted at 
intervals by ancient water-courses, and also by small ridges 
running north and south. These several featm-es of the 
natural surface will determine the most economical com*ses 
for the general system of drainage. Thus the highest of 
the ranges (which we will call a) should have a course of 
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sewers for the especial service of the districts above if; the 
next range (b) should have another course of sewers to serve 

Fig, 67. 



the district between a and b ; the following range (c) should 
similarly be provided with its course of sewers to drain the 
district between b and c, and so on, as in the sketch, fig. 67. 
The general inclination, east and west, of each of these 
coiurses of sewers would be determined by the position 
of the ridges and hollows running north and south, as 
shown in fig. 68, where the highest points of the several 




courses would be at r, and the lowest at h successively. 
By this arrangement, means would be obtained of collecting 
the sewage at each level or range of elevation, and dis- 
posing of it with the minimum power to be expended in 
raising it for manuring purposes. 

819. The next great question to bo determined would 
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be, the most eeonomical power thai coul4 be obtained at 
each of these points, h, lor the purpose of raismg the 

sewage for dispersion upon the land. For the lower level 
or range, the pumps could be worked by wheels driven by 
the tide of iJt\e river-water; and, in all probability, those 
for the upper leyels could be worked, at any rate partially, 
by streams of ^ater cooducted, in suitable channels, from 
the uplands. At le^st, while we can command the immense 
water-power of rivers, and of the accumulated surface 
drainage from the large districts above, tl)0 best means of 
making this avt^lable for our purpose deserve all considera- 
tion, before we resort to the expensive pots^er of steam. 
'^QX tf^Q ^t^nded flat districts of towns which bound tid£^ 
rivers, ttie t^des of th^ river could also be made av$til^ble, tp 
a gi'Cftt extent, ift doing the work required. The ponipl^- 
tion of the scheme would then want the details of th^ 
^rr^gements to be made suitable to the superficial features 
ftpd x'elative levels of each part of the site foi" the cojx- 
6trttPtioii| &c., of the sewers, and the machinery to be 
applied for raising and distiibuting the sewage; and we 
should finally be prepai-ed to arrange the minor channels 
or drains so as to subserve tlie efficient cleansing of every 
inch of the amface, and of eveiy individual tenement in 
the town. 

220. The i^rrajigement here suggested will be the more 
peculiaiiy applicable, in propprtipn ^s the site rp^embles 
the general regularity of surface which we have supposed. 
In many parts pf London there is no miiformi^y pf incli- 
nation, and in others the rate of inclination is so trifling, 
that the surface may be ti'eated nearly as a level. But the 
illustration we have referred to shows the general prmciple 
of the arrangement which would p^rpmote 0^e gre^t^^t 
economy in the draiuage of a town, the sitp of >yhich 
resemble^, in its principal features, the section given \^ 
ftg. 67. In the applic(^tipn of this general syste^^^ to 
London, as it is, these departt|res of superficial 6h^*$ot§r 
from the theoretical regularity must eil course receive 4uo 



,y Google 



B^mm ^^^ bft oWuUy Btte4 «»(! Qoa^iiltod, with the 
iiitw of rfoidaiing tbe«^, t^ fya m passible, availabia ^ 
p«rt| of t^# geiiQT^ plaii. UiitU ibis oxist^g anwgement 
is pr^s^t^bla ^ tb« ^y^i upw pbMOks mi neotioi^s of the 
lie^Qp^is tb^t iMl dxbibit «vdry poduliarity of surfkoa 
%nd qI fmbt^rff^afoi 9ir\iatui'd, by wbich the deWls of the 
p^ tQ be ftdopted wpuld b^ ftffec^to4> i^o ^avxeeft estimate 
em be, fqnp^d of the e^t^at of modifieatieBs . that wauld 
be i*eqviir<ad, PQr bow weighty may be the reaaena for rehns 
qui^bipg* iA 9Qme pai^ pf tJie towp, the seheme of a 8ue« 
^amoi( of l&Hf^h or Vangea of elevation. An aequaintaace 
mH^ ih^e details will pirobebly sbpw the eaipedienay ol 
ninUng uiie of game of the existing main newem threughr 
Qut the prineipal p(Mrt of their length, but iiix£ac;iiBTiii€t 
their (contents befoj^ they reach the river, and fimning 
^nli9 or other reeeptacie? in which theae matters should 
be eoUeet^d. 

gaj.' The two ol](jept8T-rrthe public health, and eoonom)>^ 
beiQg kept distinctly in view in the design and ej^eoution of 
these arrangements, it heaomes necessary to show that the 
lewilge 0an he collected, treated, raised, and dispersed, 
without any detriment to the first of these ol^ects; and 
that these purposes can be effected at such cost as will he 
i^t least balanced by the advantage of applying the sewage 
as manure, or a material for irrigation. 

322. The contents of the sewers, consisting of human 
and anima^ excrements, earthy matters carried down by 
the surface ^ater frpm the roads and streets, with same 
portion of decayed vegetable and animal substances, i&c, 
although at first partly solid,' altesvards bee^one reduced to 
a ihiek liquid state, of tolerably uniform quality. Dluring 
the putrefaction of ih^se matters, ilie ammonia ^ey contain 
(and which is one of their useful eonstttuents) is disengaged ; 
and if this process take place in t|ie open air, it is of course 
n^ingled with the atmospjiere in the form of carboji^te of 
m3^|jHonia^ and Jeeves t%e i^wage ip a les§ valuable g^m-t 
dition. Now this volatile carbonate of ammonia iniiy be. 
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fixed in many ways. Thus says Liebig : — " Gypsum, chlo- 
ride of calcium, sulphuric or muriatic acid, and super- 
phosphate of lime, are substances of a very low price ; and 
if they were added to urine until the latter lost its alka- 
linity, the ammonia would be converted into salts, which 
would have no further tendency to volatilize. When a 
basin, filled with concentrated muriatic acid, is placed in 
a common necessary, so that its surface is in free com- 
munication with the vapours issuing fi-om below, it becomes 
filled, after a few days, with crystals of mmiate of am- 
monia. The ammonia, the presence of which the organs 
of smeU amply testify, combines with the muriatic acid, 
and loses entirely its volatility, and thick clouds or fumes 
of the salt, newly formed, hang over the basin. In stables 
the same may be seen. The ammonia escaping in this 
manner is not only lost, as far as our vegetation is con- 
cerned, but it works also a slow, though not less certain, 
destiTiction of the walls of the building. For, when in 
contact with the lime of the mortar, it is converted into 
nitric acid, which dissolves gradually the lime. The injury 
thus done to a building by the formation of soluble nitrates 
has received (in Germany) a special name — sdLpeterfrasa 
(production of soluble nitrate of Hme). The ammonia 
emitted from stables and necessaries is always in combina- 
tion with carbonic acid. Carbonate of ammonia and sul- 
phate of lime (gypsum) cannot be brought together at 
common temperatures, without mutual decomposition. The 
ammonia enters into combination with the sulphuric acid, 
and the carbonic acid with the lime, forming compounds 
destitute of volatility, and consequently of smell. Now, if 
we strew the floors of our stables, from time to time, with 
common gypsum, they will lose all their offensive smell, 
and none of the ammonia can be lost, but will be retamed 
in a condition serviceable as manure. (Mohr.)" • 

223. Chemistry thus supplies us with the means by which 

• "Chemistry in its Application to Agriculture and Physiology," hy 
Justus Liehig. Edited hy Dis. Flaj&ir and Gregory. Fourth Edition, 
1847, p. 189. 
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VALUE OF SEWAGE. 17 

all the offensive and detrimental properties of the sewage 
may be suppressed, and all the useful properties safely 
retained. There is evidently no necessary reason why a 
tank or receptacle in which the sewage is collected and 
stored should be, in any respect, more disgusting to the 
senses, or injurious to the health of human beings, than a 
reservoir of the purest water. 

224. Can the remaining question of cost be disposed of 
with equal satisfaction, so as to show that the application 
of the sewage to manuring purposes may be effected with 
due economy ? Will the agricidtural value of the sewage 
pay the expenses of applying it? We believe it may. 
These expenses will embrace the construction of the tanks 
or stores for the sewage, of the pumps and raising ma- 
chinery, and the means of treating the sewage with gypsum 
or other agent, and of distributing it upon the lands to be 
served; but against the, total, in a comparative' estimate, 
would have to be placed the cost of the present partial 
removal of night-soil from cesspools, the immense addi- 
tional cost incurred by the necessity of having immense 
sewers, the cost of outfalls into the river, and the expense 
of cleansing the present sewers by hand. Now, in order 
to form a rough estimate of these several expenses with 
which the present system is to be debited, we will assume 
the population of the metropolis to be two millions, and 
the number of houses 200,000, that is, ten persons to each 
house on an average; that half of these houses are still 
drained into cesspools, and that the cleansing of each of 
these costs one pound annually. We shall then have 
100,000/. as the annual cost of removing the contents of 
the cesspools of the metropolis. The number of miles 
of sewers constructed during the ten years from 1833 to 
1843, throughout the metropolis, was about 120, or, an- 
nually, twelve miles on an average; and the excess of 
capacity in these scM^ers, made necessaiy by the deficiency 
of declivity, and the great length to which they are ex- 
tended, probably involved a cost, in construction, equal at 
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Ie9^i to dOOO{. per m\\e. "f^bis item woul4 thus stmoivRt to 
^fiOOL ftn^ualty, ^ wl^ch the esq^ense of putfaUs to the 
river may be included- To tb^s^ are ta b^^ added ^e ^x- 
peme« of deapsmg the sewers bj hftnd, wbiob n^y b« 
moderate campute4 ^t ]iQ,00(M. i^&ufmj ihro\4g^out tbet 
metropolis. W^ ^U thiis bftve m 9ia\o\m\ of 184,000^., 
which would be annually saved y^ tb^se items by the pr^ 
posed system. 

^^&. A. very redq^ estimate q| tbe Y«lue, foy i^i^iiTe, 
of thQ ez^etii of kw^m^ beings (re4q<^d avowe^^ for the 
aa)^ of gmi^iiig p^UiQ b^Uef), I'^pi'eseQt&i it at $#. fpa^ e%oh 
pen^n |u^Aual\y. The vidue pf the produi^e of tbe popuk- 
Hom of l4ondoii would Uius be StGp,OQOZ. per aanuQi. Ad- 
mittiag o^^half of this to be now made avi^lable, we sb£41 
Imve the pthe^ bi^f, am^wtipg to $i60,00(U., gained by 
the prop()ised pode pf coU^etio^, ^nd adding tbis to the 
134,000^. estimat^4 diving (^94), ^e have a total of ^84,0002. 
annually available for the expenses of construction and re* 
pair of apparatus, and current ^oat pf coUpotiug. raising, and 
treating the sewage of the metropolis. This sum wiU endow 
thirty*^gbt stations with an annual inoome each exceeding 
10l,QOO^. for interest of capital in first construction and cur- 
rent expenses of working and treating. And. this number 
of stations appears ftilly adequate to realize all the economy 
of power which pan be attamed by judiciously providing fpr 
several levels in each district of the metropoUsi. 

d2S. In order to show tbat this rough estimate as tq the 
value of the sewage, and the co$t of applying It, is not 
limned upon fallaeious data, calculated to induce an un- 
founded preference for the method recommended, we pciay 
refer to the authority of the Superintending Inapectorg 
under the (general Soard of Health, Messrs. Cros^ and 
Banger. Mr. Cresy, in r^ptuiing upon the present sanitary 
condition of the horqugh of New Windsor, and ofiermg his 
gl&eial recommendations for its improvement, estimated the 
populati^ at 10,800, an4 the annual value of the sewage 
jmaamf^e at from IQOO^. to 1100^. And for tbe first cost of 
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tbei ip»?at^s fpr ciigtributmg this m^uye, be rtlow^ «a^ 
expenditure of 4000Z., beii^g aQOQ{. for 10 nule^ of pip^ 
ftii4 JQQO^, iox J4W|tog ^gitt«. &c. Mr, l^mg^ estimated 
ftia yalufi of i^§ fiewage i^fttte?8 ^ t^Q t^wn of ^Jj^byidg^ 
tQ b^ at leasit equgl t9 JTOQ^t per aftnw< *li^ papulation 
toeing SiglQ (ift IWl), cap abp^t IO4, for ^acfe pey^o^i. i ^^ 
for the jftyat (i^ost of tJ^e d|8trftuti»g ftpparatvia, he aUowe4 
350Pi, Ju Reporting upou the t&W(^ of ^tpi^, of ijebioli th^ 
poputftUoii was aft^e, iu 1841, Mr- (?rw estipaat^d the yalue 
O/f ib^ ^Weta ^t 0QOJ, wn^j, f«x4 the post of vg^ 
^§n«ers 91^4 t^V§ foir t^e sewage^ at lOQQ/, 

82T. These e5tiii)fi.te8 c»f ^e. v§lue ^ sewage yaiy frcw 
8«. tq \0«, 6fl?. pfr fediyi^urt, between wWch Qi|r ayeri^gei of 
$^. i§ pfrtamly a ^fa niedivip^ M4 the aUQVI«i(5.e fqr Jfesft 
cost of f^pparatus for p\uppiftg, &c., varies from about ^s, ta 
}Z. 24, per ipdiy^^ual. If we ^stm^e Ih as a safe ayerage, 
fte awi^ interest, at fiye per aejcit., ^pen t^o fliiiUien^ of 
pemids, being lpO,QQOi., we abail have 284,000^, left fo^r 
the current expenses of our thirtyreight stfttiqi^, W atant 
74TO?. each wmnallj^, "Wh^cb flaust he a4initted te be s^ yery 
liberal es^iflftfite of t^e aost of pumping a^d treating th§ 
sewage. 

8J}8. Of the current e^pen^es of distributing the liquid 
sewage up^n the land, an4 of firs^ qonyeying it from tt^e 
sitatipnsi tQ i^e districts to be supplied, whether by a sy^ten^ 
o| piping, <ff W vf s^e^s, or qp^^ it will npt he necessary tci 
offe^? auy tstiflfi^te bere. Tl^^se 4utiei^ will p^pbafely iftyplve 
^g eayp^^Hv^o wb^^ woul4 l^aye the appefiran^e p| being 
h^%vyt if w\ fairly comp^ed witb the pp§t n^w isourrecl in 
ipipeifeet ffanu?ffig pu tbe one band, and on tbe other, 
wiib the ya^tly-4nareased value given by the apphcation of 
ib§ liquid sewage to tbe products, of arable and pa^iture 

]m^' Whf n tbe (?Q§^ and tbe results of tbo two methods 
can b§t frW actual ^d e^ttendsd experienpe, placed thus 

m iMtajposi^on, we are justiSed in ^Uwating that a large 

b(^ee of advantage and economy will appear incontesta? 
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bly due to the system of applying and distributing the 
liquid sewage as here described. 

229. The multiplicity of stations necessary to cany out 
the scheme of ranges of elevation may appear to involve 
practical difficulties, and objections of a serious character, 
that should be adverted to, and their real value shown in 
contrast to the advantages which this arrangement offers. 
The primary consideration which must be satisfactorily 
fulfilled is, the practicability of accomplishing this method 
without any sacrifice of health, by the raising and distribu- 
tion of the sewage at and from the several stations. The 
treatment with gypsum, already alluded to, may, it is pre- 
sumed, be carried on at such a cost as shall not impair the 
ultimate economy of the process, and in such a manner 
that no offence shall be committed against the most fas- 
tidious delicacy of sense. Indeed, the completion of the 
process would perhaps require that the gypsum should be 
administered either constantly, or at stated intervals, within 
the collateral or the main sewers, by which means all dis- 
engagement of foul gases would be prevented, and the 
sewage would arrive at the receiving tanks in an innocuous 
and fixed condition. But until this method is carried out, 
the tanks may be so covered in, and their contents ex- 
cluded from association with the external air, as that the 
latter shall not suffer any contamination ; and similarly the 
sewage, pumped up, may be distributed in closed pipes, or 
loaded into river or canal boats, or into wheeled vessels, so 
constructed of iron that the sewage, already purified in the 
tanks, shall be at once conveyed away, without exposure in 
the slightest degree. The great advantage, however, of 
effecting this purification at the earliest possible stage (and 
tlie only perfect system is that which shall provide for doing 
it in the drainage of each individual house) is too apparent 
to be disregarded or lightly estimated. It has been well 
remarked, that so long as our covered sewers are permitted 
to emit the noisome gases engendered by the putrefying 
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matters within them from the air grates and gully holes 
into the streets, they remain, to all intents and purposes, 
nuisanceSf and are nearly as dangerous and offensive as if they 
vfere open sewers. And when it is remembered that these 
very gases, which bring pestilence and death to our poor 
population, would, if retained within the sewage, constitute 
its most valuable properties, we surely find abundant rea- 
son for seeking the best practicable method of applying 
the purifying process before these dangerous properties are 
developed, and of transmitting the fructifying matters to 
our fields before their value has been thus grievously im- 
paired. 

230. Another objection which the system of ranges of 
elevation will probably meet with is, that tlie sewage mat- 
ters cannot be made available at any great number of points 
within the town and its suburbs. This may be admitted. 
It is, indeed, very likely that no profitable use can be made 
of the sewage within some few miles of the metropolis; 
but it does not therefore follow that it can be more ad- 
vantageously conveyed in sewers to tlie distant station, 
where it may, perhaps, be applied at once. If we had the 
materials for instituting a fair and exact comparison be- 
tween the first cost of constructing and current expenses of 
maintaining, in a healthy condition, the deep and large 
sewers required for any system of sewage which is not 
mainly determined by the minor varieties of surface, and 
the expenses of ti-ansporting the sewage from many points 
by pipes or by river, railway or canal, with all the facilities 
we can now command for any general and extended system, 
the latter would be found to be recommended as strongly 
by its economy, as it imdoubtedly is by its superior effi- 
ciency in subserving the health and well-being of the popu- 
lation. The economy of transmitting liquid matters in 
pipes is well known, and the cost has been estimated, by 
engineers, at 2|rf. per ton for a distance of hwe miles, and 
to a height of 200 feet. This includes interest of capital 
and all current expenses. Eailway tolls and canal dues 
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ftd KXTRAf AChAKCB OF COKCfeNTRATlON. 

my Indfeed be regulate sd as lo afford but 1Mb feciilly f<* 
the tratitinilwSiott dT manmie ftt pi*esent; bttt trolideriid 
ihddificatioiis Will be volttnt^red ih Ibiese matters, So Sddn 
^ the s^Bteife becoiAfes general, th^ demand fbr Accbifi- 
liiedatlon be increased, and tile mechanical and cheknlcal 
appliances for Jpurifying ahd transporting the seWi^ ^vl^ 
dered more i^dy and effective. 

881. Any sjnsteto of cdhWjtl^tt Whi^h liitteWpfe1;5 ddiic^- 
tittte thS s^wagS at 4 few poihts ttiust bd Atteiiddd Wilh fe5p 
ttavagahee ih one «cyr more df ithi^ different Way*, first, 
and tohiSt&htly, ift the enlarged cA^jacity of seWers iie^uirecl, 
for two reasons, viz. the great quantity to be conveyed, itod 
tee e5ctra site heeded tb compeni^ate for the deficiency of 
decliviiy. Secondly, in the gr^atfer difetantte ov'cr which the 
seWage hais to be transmitted. Or, thirdly, in the greater 
cost of raising it frohi the level '6f tile sewers to the high 
surftice above It. Thus arise objections to the propositions 
which have b^^en made foir conducting the whole of the 
seWage Of Ltondoh to 6ne jpoint, ^Situated at a distari<3e of 
s^veitil miles eastward bf thfe towii, in Which ca§e retiuns- 
mlssion Would become hecess^ty, in dirder to supply dis- 
tricts in all other directions. Arid, On the other hand, if it 
be eoUected at Any poiht towards the hotth or horth*West, 
whei^ prdbably the greatest demand tot it Would be found, 
the reserYoiiP would be necessarily con&tnicted at a depth 
frofti ihe suHa<ye which Would entail immense anA needless 
expense in htlsing the i^ewage f6t a]^plication on the land. 

?i6S. Anotheir important point in Which the many-station 
systetA bffer^ advantaged, which the single-station system 
does ndt, is the facility for fetoring the seWage fbr any 
required tirfte, tintil it may be available for agricultural use. 
It iiB Weil khowii that the taiahuring matters are requiitd to 
be aj>jplied at certaiil SeasbhS ahd mte!rvals, according to the 
natu^ of the vegetation. If tlie seWage be collected in one 
reservolv, the size of it, in order to serve the true purpose 
of a fese^bir or store-place, must be immense, almost to 
impracticability; bntif divided, a§ proposed, between many 
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SEWERS, BIKB^ PASSAX>ES. S3 

points, tanks of moderate size would be amply sufftcietit to 
contain the acctntiulatioA Of long intervening periods, while 
thie feciiify of dislribtttioh would, moileoVer, pi-oMbly induce 
the lise of the sewagie for Varieties of culture, ttiat would 
tend to equalize the demand for it. 

233. Sewers are, properly, tiVere passives for thfe §eWag6, 
but they are so only While the tndtlers sent intd them are 
induced to continue diovhig by the declivity of ttie se^r, 
or by the artificld force of water, br Other agent, to driVe >dr 
cany theih forwafd. Without 6h6 or other of thteste tilds 
the large sewers v^e have beien cohsti^ctlhg are knoVm to 
become reservoira of sewage, of cessp'bolfe, in Which, during 
dry seasons, tlie refuse ttiiatters remaih d'edbin^osing for 
days arid weeks, sending Up ihe inost pernicious gasies ihto 
the drains and water-closets of the housi^s, and through the 
air-gi-ates and gully-holes into the streets of the tovm. Th6 
system which adopts ranges of elevation and Viarielies of 
surface, ^s indications by which to lay femall sewers With 
rapid declivities, and leading into tanks situated at sfeort 
distances from each other, obvidtes these evils, by construct- 
ing the sewers so that they maintain their proper chAi-acter 
of mere passages, and the tanks ate made td perfonh th^ 
double purpose of storing arid purifying the sevrage. iTh^ 
chamber of the tank into whi6h the sewers discharge may 
be trapped, by turning down into water, so that no impure 
exhalations cari possibly tetum along the sewer toWa.rdsthe 
houses and streets. 

234. in adapting this ah-ftngeriient to Lohdori, or ahy 
other town already provided With Sewers, those in which 
sufficient fall exists taiay be retained arid made to deliver 
into tanks at the lowest point of eA6h range br district. 
But all sewers Without fldl, oi* With less than id isufficiehl 
for the ra^id self-discharge of their cohtehts, should bS at 
orice abandoriied, and a Sepiftitite system of sewerS fton- 
structed, dipping into orie or more ttthfes At the centre and 
other points of the flat district. A§ h general principle, to 
be very reluctantly departed from, the smite-Wateif and 
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ivaste household-waters should be admitted as the onljdiiu- 
tants of the solid sewage. Artificial scouring or flushing 
of the sewers may be regarded as an expensive and trouble- 
some correction of some of the evils occasioned by deficient 
declivity, but one sometimes attended with a most mischiev- 
ous consequence, viz. the forcing up of the sewage into the 
streets from some of the lower sewers, which become sur> 
charged witib the flushing water during the process. Another 
expedient which is occasionally recommended, and in some 
cases practised, the scouring by admitting the tidal water 
of the river, is inapplicable to any method which purposes 
to preserve the sewage for agricultural uses ; and must be 
admitted to have the eflect of thoroughly defiling the lower 
banks of the river at which the discharge takes place. 

235. Having thus shown that* the true principle upon 
which towns should be classified in order to consider the 
best system of arranging their general drainage, is that of 
ranges of elevation and varieties of surface without any re- 
ference to contiguous rivers or water-courses, and having, 
in support of this principle, stated that the system of con- 
ducting the sewage to the river, besides wasting that which 
is really of great value and poisoning the water, necessitates 
immense mis-expenditure in large and deep sewers, it will 
be desirable, before closing this section, to cite some fur- 
ther authority as to the value of sewage manure, and notice 
the plans which have been proposed for applying that pro- 
duced in London ; and also to quote some few instances of 
the works which have been executed to provide for deliver- 
ing the sewage of London into the river Thames. 

236. The sewage of the city of Milan is collected in two 
concenti-ic canals. Hie inner one of which is (Tailed the Sevese, 
and the outer the Naviglio, and delivered into one called the 
Vettabbia, which flows from the southern part of the city, 
and, after a course of about ten miles, discharges into the 
river Lambro. Throughout its course this stream of sew- 
age is made to flow over a large extent of meadow-land, and 
is foimd to possess such valuable fertilising properties that 
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the deposit, which has to be periodically removed in order 
to preserve the level of irrigation, is bought by the neigh- 
bouring agriculturists, and esteemed an excellent manure. 
Some of the meadows, which are thus irrigated by the sew- 
age water of Milan, yield a net rent of SI, per acre, besides 
paying taxes, &c. These meadows are mowed in January, 
March, April, and November for stable-feeding. They 
besides yield three crops of hay, viz. in Jime, July, and 
August ; and in September they furnish ample pasture for 
the cattle till the irrigation in the winter. 

237. The late Mr. Smith, of Deanston, in reporting to 
the " Commissioners for Inquiring into the State of Large 
Towns and Populous Districts," upon the " applicaticoi of 
sewer- water to the purposes of agriculture," gave on inter- 
esting description of the method which has been adopted 
for upwards of 30 years in applying the sewage-water of 
part of Edinburgh to the irrigation of grass-land. " The 
sewer- water, coming from a section of the Old Town, is 
discharged into a natural channel or brook, at the base of 
the sloping site of the town, at sufficient height above a 
large tract of ground extending towai'ds ihe sea, to admit 
of its being flowed by gravitation over a surface of several 
hundred acres. The water, as it comes from the sewers, is 
received into ponds, where it is allowed to settle and deposit 
the gross and less buoyant matter which is carried along by 
the water, whilst it flows on a steep descent. From these 
tanks or settling-ponds the sewer- Wliter flows off at the sur- 
face, at the opposite end to its entrance. The water so 
flowing off still holds in suspension a large quantity of light 
flocculent matter, together with the more minute debris of 
the various matters falling into the sewers, and chiefly of 
vegetable and animal origin. The water is made to flow 
over plats or plateaus of ground, formed of even surface, so 
that the water shall flow as equally as possible over the 
whole, with various declinations, according to circumstances ; 
and it is found, in practice, that the flow of water can easily 
be adjusted to suit the declination." " The practical result 
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of this applicfttion of sower-water is, that land, which let 
formerly at from 40«. to 61. per Scotch acre, is now let an* 
Bually at from dOZ. to 40i., and that poor sandy land on tho 
sea-shore, which might he worth fls, (Sd. p«r acre, lets afc aH 
annual rent of from 16/. to dO^ That which is nearest the 
city hrings the higher rent chiefly hecause it is near, and 
more accessihle to the points where the grass is consumed, 
but also, partly, from the better natural quality of the land. 
The average value of the land, irrespective of the sewer- 
water application, may be taken at di. per imperial acre« and 
the average rent of the irrigated land at 80i., making a dif- 
ference of %ll, but m. may be deducted as the cost of ma- 
nagement, leaving ft5{. per acre of clear annual Income due 
to the sewer-water." Mr. Smith calculated that 17,9$20 gaV 
Ions of sewage-water, oontainhig 6 ewt. of dissolved and 
suspended matter, ar<i equal in fertilising power to d# cwt 
of guano, or 16 tons of farm-yard manure; and he esti- 
mated the expense of the material and process, as applied 
to one acre of land, as follows t-— » 

£ a. d. 
Cost of manuring one acre of land with 

17,9ao gallons of sewer-water . 10 9 

8J cwt. of giiano at 8«. . .10 

10 tons of farm^yard manure at 49; . .$00 

' He further calculated that the conaparativ6 economy of 
the sewer-water manuring will increase with the greater 
quantity of each kind of manure applied ; thus t — 

Cost of manuring one acre of land with 

85,840 gallons of sewer-water . . 16 6 

6 cwt of guano at 8s 3 

80 tons of farm-yard manure at 4^. ? .600 

988. Mr. G. Stephen in his *' Essay on Irrigated Moa* 
dows,*' published in 1836, had previously described the By6- 
tern of sewer-manuring with comi&endation. Mr. Stephen 
says, *< Edinburgh has many advantages over many of her 
sister cities^ and the large supply of excellent sprmg-waiet 
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is one of the greatest blessings to her inhftbitantS) both in 
tespect to household purposes, and in keeping the streets 
clean ; and, lastly, in irrigating the extensive meadows se- 
lected below the town by the rich stuff which it carries 
along in a state of semi>solution ; where the art of man 
with the common shore-water has made sand-hillocks pro- 
duce riches far superior to anything of the kind in the 
kingdom, or in any country. By this water about 150 acres 
of grass-land, laid into catch-work bedS) is irrigated, whereof 
Upwards of 100 befong to W. H. Miller, Esq., o£ Oraigin- 
tiuny, and the remednder to the Earls of Haddington and 
Moray, the heirs of the late Sir James Montgomery, and 
Bome smaU patches to other proprietors. The meadows 
belonging to the last-mCTitioned noblemen, and part of the 
Craigintinny meadows, or what are called the old meadows, 
containing about 50 acres, having been irrigated for nearly 
a century, they are by far the most valuable, on account of 
the long and continual accumulation of the rich sediment 
left by the water; indeed, the water is so very rich, that the 
proprietors of the meadows lying nearest the town have 
found it advisable to carry the common shore through deep 
ponds, where the water deposits part of the superfluous 
manure before it is carried over the ground. Although the 
formation is irregular, and the management very imperfect, 
the effect of the water is astonishing ; they produce crops 
of grass not to be equalled, being cut from four to six times 
a year, and given green to milk cows. The grass is let 
every year by public auction, in small patches, from a quar« 
ter of an acre and upwards, which generally brings from 
S4^. to 30i. per acre. This year (1826) part of the Earl of 
Moray's meadow gave as high as 671. per acre." 

289. The results of experiments* tried at Clitheroe, in 
Lancashire, showed that the fertilising properties of sewage- 
water were nearly four times as great as those of commen 
farm-yard manure. Mt, Thompson applied 8 tons of the 
sewage- water to one acre, and 15 tons of the ordinary ma- 
nure to another, and the produce of the former was as 

a 
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1 -876 to 1 of the latter. Comparing the produce with the 
weight of manure, the proportion of the one to the other 
will therefore he as 1'876 to -533, or nearly fourfold. 

240. The sewage-water of Mansfield, in Nottmghamshire, 
has heen so applied to lands hy the Duke of Portland, that, 
with a preliminary expenditure of 30^. per acre, to put the 
land in a condition fit for irrigation, its annual value has 
been raised from 4«. 6c£. to 14^. per acre. Mr. Dickinson 
treated some land at Willesden, in Middlesex, with liquid 
manure, derived from horses, and obtained fine crops of 
Italian lye grass, although the land had previously been 
deemed unworthy of cultivation. Mr. Dickinson obtained 
ten crops in twelve months. In the year 1 846, the first 
crop (cut in January) yielded more than 4 tons per acre ; 
the second gave nearly 8, and the fourth, cut in June, pro- 
duced 12 tons per acre. 

241. At Ashburton, where they have applied liquid ma- 
nure for 60 years, and at other towns in Devonshire, the 
land thus treated produces grass at least a month earlier 
than lands not so treated, and is valued at SI. to 12^. per 
acre, while land not so improved is considered worth only 
from 305. to 405. 

242. One of- the earliest, if not tA^ earliest, of the sug- 
gestions for saving and applying the sewage of London ap- 
pears to have emanated from the late Mr. John Martin, the 
artist, in the year 1828. Mr. Ainger, in 1830, published a 
plan for " preserving the purity of the water of the 
Thames," by constructing covered drains along the sides of 
the river to receive the minor drainage, and Mr. Martin in 
July, 1834, presented^ to the select committee of the House 
of Commons, then inquiring into the state of the law re- 
specting sewers in anti near the metropolis, with a view to 
suggest amendments, a " Plan for improving the air and 
water of the metropolis by preventing the sewage being 
conveyed into the Thames, thereby preserving not only the 
purity of the air, but the purity of the water ; and likewise 
for maniure and agricultural pui'poses." The objects of this 
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plan t^ere described to be — " first, to materiaUy improve 
the drainage of the metropolis ; secondly, to prevent the 
sewage being thrown into the river, and to preserve in its 
pure state the water which the inhabitants are necessitated 
to use ; thirdly, to prevent the pollution of the atmosphere 
by the exhalations from the river and the open mouths of 
the drains ; and, fourthly, to save and apply to a useful pur- 
pose the valuable manure which is at present wasted by 
being conveyed into the river." 

243. The details of the plan embraced the formation of 
a receptacle at Bayswater, on the north side of the Uxbridge 
Boad, for the di^inage of Kilbum, part of Paddington, 
Bayswater, &c,, &e., and of another receptacle above Vaux- 
hall Bridge to receive the contents of the present King*8 
Scholars' Pond Sewer. For the body of the city, Mr. 
Martin proposed a grand sewer to commence at College 
Street, Westminster, and run parallel with the river, and to 
be extended to a convenient point near the Begent*s Canal 
at the east end of London. And for the south side of the 
river, a similar plan was reconmiended, the sewer in this 
case to commence near Vauxhall Bridge, and pass along 
the bank of the river to Pickle-Herring Stairs, thence, 
branching off through Eotherhithe, to a convenient spot 
adjoining the Grand Surrey Canal, where a grand recep- 
tacle should be constructed similar to that by the BegenVs 
Canal on the north side of the river. 

244. These grand sewers were proposed to be constructed 
of iron, the bed of them being on the same level with the 
shore, and following the inclination of the river, about 7 in. 
per mile. The top of them to form quays, at least 2 ft 
above the highest possible tide. To prevent the possibility 
of those sewers being burst by the accumulations of floods, 
they were to be provided with flood-gates ; and to afford 
facility for inspecting, and, if necessary, cleansing them, 
light iron galleries were designed to be suspended from the 
roof. The sewers were to be built up of iron, the bottom 
paved with brick, and the top arched with sheet iron, with 
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wrought-iron ribs ; the size of the sewers being oa the live* 
rage 20 it. in depth and width, and the estimated east of 
their construction 60,0002. per mile, including sewer, pier, 
or quay, strong quay-wall of cast-iron, towards the river, 
&c., &c. The whole length of the two sewers proposed was 
about 7^ miles. The description of the receptacles ii| 
which the sewage was to be oolleoted will be best quoted 
from the proposer's " Plan " submitted to the oommittee. 

245. ** The grand receptacle at the end of this great 
covered sewer should be 20 yards deep, and 100 yards 
square, with a division down the centre, separating it into 
two compartments, each 50 yards in width, with a flood-gate 
at the inner angle of each compartment for the sewage to 
run in at; and at the opposite extremity, within about 
13 ft. of the top, there should be an iron grating, 5 ft. wide 
by 50 yards long, through which the lighter aad thinner 
parts of the sewage would rise ; the heavier and grosser 
parts would sink to the bottom^ and gradually fill up the 
base' of the drkin, when the gate should be closed, and the 
one leading into the second division of the receptacle 
opened. At the extremity of the receptacle, between the 
two compartments, there should be an engine to raise the 
manure into barges, and also to pump the water in case ot 
extraordinary tide ; in this way the expense of an extra re* 
eeptacle for the water accumulating whilst the tide is up 
would be saved ; this, however, would only be required in 
spring* tide. The recepti^cle would be so firmly built, and 
covered with a roof of ^wrought iron, supported by cast-iron 
pillars, that a road could be made over it; or it might be 
built upon, and thus no room would bo lost ; and, that n 
particle of smell might not be allowed to escape, there 
should be a communicaticm for the foul air to pass from the 
receptacle to the Are oi the engine, which would then cpni« 
.pletely consume it." It is of course unnecessaiy to remark 
that Uiese estimates and particulars are quoted for their 
historical interest, and not for any practical value that 
attaches to them. 
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d4d. AboQt tha year 1645, ft cfnanpanj was organised, w» 
beliere under the CHiginal auspieea of Mr. Martix), and pro^ 
moted by Mr. Bmith of Deanston, whioh proposed to carry 
into effect, for the general benefit of the metropolis, a plan 
for collecting the sewage by means of a reeeiving sewer 
which should cut the existing sewers at a mean distance of 
690 yards from the river. Mr. Sf ariin, Uie founder of the 
Company, however, objected to this, pre&rring to receive 
the eontents of the sewers near their outfall into the river. 
The Oempany referred to-^the " Metropolitan Sewage Ma- 
nure Odinpany/*t~eontemplated the *' conveying of the 
sowaga-water of London, by means of a system of pumping 
engines and pipes, analogous to that of the great water 
eompanies, and thus distributing the fertilising fluid over 
the land in such manner and propiMrtions as may be best 
adapted to the various kinds of field and garden culdvation.**^ 
Tha proposals of the Company were eventually limited to 
an operation upon the sewage belonging to the King's Scho- 
lars* Pond Sewer, one of the principal sewers in Westmiar 
Bter, and with this reduced purpose an Act of Parliament 
was obtained for prosecuting the scheme in 1840. 

&47. The actual proceedings of the Company, their results 
and defects, were described officially in a Beport (dated 25& 
December, 1861) to the General Board of Health, by one of 
their superintending inspect^, W. Lee» Esq., and fi*om 
this Beport we extract the following i^^*' I thought it my 
duty to visit the works of the Metropolitan Sewage Manure 
Company, at Fulham, to examine the market^ardens and 
other land to which the sewage h(u been appHed there, and 
to ascertain from some of the consumers their opinions as 
to the result upon various crops. The Company has a star 
tion on the west bank of .the Kensington canal, at Stanley 
bridge, where they have erected a steam-engine to pump tiie 
sewage water over the top of a stand-pipe 75 feet high. 
This altitude giveS a sufficient pressure for the whole di» 
trict, and the fertilising fluid is conveyed from the stand- 
pipe and distributed, by about 15 miles of mains a&d sexw 
viees, varying from 14 inches diameter at the works. 
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down to 2 inches diameter in the fields and gardens where 
it is used. The consumers have plugs or hydrants fixed at 
convenient distances in their lands, and widi their own ser- 
vants, and hose and jet pipe, apply it when Uiey please, 
paying to the Company the sum of three pounds ten shil- 
lings per acre per annum. 

** Hitherto the Company has only taken the Walham Green 
sewer-water, which contains, probably, less fertilising mat- ^ 
ter than any other in the metropolis, in consequence of the 
less density of the population within its area, and the great 
volume of the upland rain water. It is, however, the most 
conveniently accessible to the works. When the arrange- 
ments for using the Banelagh sewer-water are completed, it 
is expected that more beneficial results will be experienced. 

" The first place I examined was a field from which two 
'crops of grass have been taken during the year, and it is 
now a most excellent pasture. I examined the large mar- 
ket-garden occupied by Mr. G. Bagley, who sjud, in answer 
to my inquiries : — 

" * I have found that all crops grow faster and are healthier 
firom the application of sewer-water. The size of vegetables 
is increased in a fine season ; in some descriptions the qua- 
lity is also better, and consequently they would obtain bet- 
ter prices. I may particularly mention vegetable marrow, 
a plant that requires much nutriment ; it has produced a 
large crop in warm dry weather. In dry weather, the sew- 
age is of great assistance to scarlet runners and French 
beans, but if rain were to come after its application, the 
consequence would be injurious. I have found it of great 
service to cucumbers, especially fi-om the convenience of its 
application. I think, however, it is almost better for cab- 
bage and brocoli, than anything else. I have not perceived 
any offensive effluvia at the time of its application or after- 
wards — not enough: if there had been a little smell, the 
manure would perhaps have been better than it was.' 

** Mr. E. Bransgrove, manager of Mrs. Harwood's extensive 
market-gardens, said : — 

" ' We have used the sewer-water ever since the Company 

\ 
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commenced. The improvemeiit in the plants is very mar 
nifest ; I think it helps to lessen the blight. The growth 
of vegetable marrow is much improved, also of scarlet run- 
ners, and the same of lettuce and celery. This plot was 
celery, and the liquid manure was applied to it. After the 
crop was got off, it was planted with cabbage, without any 
further appUcation of the sewage, but the plants are still 
benefited by the former application. The next patch of 
savoys had it applied tathem about three months since, 
and are a very good crop. There was very little smell 
either at the time of its application or afterwards.* 

' I likewise visited the market-gardens of Mr. W. Bagley, 
Mr. R. Steele, Mr. J. Crouch, and Mr. J. Bagley, to all of 
which, as well as many others in the district, the sewage 
manure has been applied. In one place, a field of cabbage 
plants was pointed out, and I was informed that the sewage 
manure had been applied to about one half and not to the 
other. Those to which it had been, applied were darker 
in colour, larger, and much more vigorous than the re- 
mainder. 

" I have, in my former report, already considered the objec- 
tion urged in the provinces, that liquid manures could only be 
beneficially applied in wet weatheb, ai^d have shown that 
the solution used was too strong. It is a remarkable fact, 
that the tenants of the Metropolitan Sewage Manure Com- 
pany all concur in the statement, that the greatest advantages 
are produced by its application in dry weather, when ma- 
nuring and watering are combined in the same operation. 
These facts, and my own experience, lead to the conclu- 
sion that the town sewerage water should be collected, and raised 
to the required altitude in as concentrated a condition as possi- 
ble ; bv;t that it should be distributed and applied to the land, in 
such a state of dilution with water, as may be required by the 
season of the year, the state of the weather, and the quantity of 
moisture in the soil. This may be easily accomplished, and 
almost without expense, by a pipe from the water-works, 
4ischarging into tjie dowpwa^-d arm of tb^ sewage stand- 
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pipe, at the eommand of the person in charge of the sta^ 
tion. By these means, the sewerage water maj he applied 
with advantage at all times. In dry weather, and apon 
thirsty soils, a weak solution would he used ; and in the 
winter season — in wet weather, on uncropped land-— or with 
gross-feeding plants, as strong a solution as might he requi** 
site, to produce the greatest possihle fertility. 

*' Having said this mueh of the Company's operations, 1 
feel hound to add that the failure of a sewer manure com- 
pany in the metropolis, as a commercial speculation, was 
predicted hy Mr. Smith, of Deanston and other competent 
agriculturists, who withdrew from it. A disproportionately 
large outlay of capital and machinery was made from a 
wrong sewer, that is to say, from a sewer which, in fkct, was 
an old watercourse, and chiefly adapted to the removal of 
storm water; and the supply 6f manure from this was car* 
ried to a wrong district, or one of the least suitahle districts, 
namely, to a district already supplied at the cheapest rate 
with powerftil manure : of that district only a small proper- 
tion received the Company's supply.- The whole of the 
available capital was expended before the pipes could reach 
the ordinary farming district, where there appeared to be a 
demand for it. Nevertheless, the fertilising power of the 
extremely-diluted manure, when applied to the land, already 
highly charged with manure, was extraordinary. On this 
land, where town manure had been applied at an expense 
of 20^ per acre, and labour in working the land to about 
the same extravagant amount, an augmentation of nearly 
one-third of the ordinary large crops was obtained. The 
range of the distribution by the jet was visible in the estiva 
growth of the vegetation, although much of this sueeess 
was no doubt attributable to the water itself, irrespective of 
the matter in solution." 

ft48. Every sanitary reformer must have regretted that tlie 
Company has not been more successM; but when its ope- 
rations are pointed to as a reason why works fdr the appli- 
cation of the sewage of towns should not be undi^tak^, 
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being partial onty. The errors committed are in matters 
of detail ; the principle— that town sewage water is a va- 
luable fertiliser*«-is Mlj confirmed, even by the Oompany's 
operations. 

S49. During the inquiries upon this subject which were 
instituted by the Sewage Company, some proposals were elit 
cited which differed considerably from lliose upon which 
the Company is now acting. Two of these may be noticed, 
which were examined by the select committee, appointed 
in 1846, to consider plans for the application of the sewage 
of the metropolis to agricultural purposes. It should be 
menti(med, that the orlgfinal plan of the Metropolitan Bew- 
age Manure Company embraced the formation of reservoirs, 
in which the sewage was to be collected from the sewers, 
but these reservoirs were relinquished by the promoters of 
^e bill, in consequence of the objection made against 
them by the owners and occupiers of land. 

fiSO. One of these proposals was to carry away the entire 
sewage of the mefaropolis, in a tunnel of from 8 ft. to 12 ft. 
in diameter, and at a depth of from 40 ft. to 80 ft. beneath 
the surface. This sewer was to commence at the Grosve- 
nor Boad, and pass through Westminster to the Strand, 
and on the soutii side of St. Paul's Churchyard, Cannon 
Street, &o., to the Commercial Road, thence under the 
River Lee, and in a straight line through the West Ham 
marshes, to a large reservoir and worlts, to be constructed 
in an angle between the western banks of Barking Creek 
and the northern banks of the Thames. The sewer-water 
was to be raised by steam-engines from the receiving reser- 
voir into other .reservoirs, sufficiently elevated to permit the 
solid matters being deposited at a level above the Trinity 
hi|^-water mark. From these reservoirs the solid matter 
would be periodically removed, dried by artificial means, 
and then compressed and packed for transmission by land 
69 water. The liquid matter was to be discharged as worth- 
less, at all states of the tide. Mr. Wicksteed, the proposer, 
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calculated that engines would be required of an aggregate 
power equal to tliat of 1060 horses, and capable of raising, 
when worked at full power, 18,000,000 cubic feet to a height 
of 66 feet, in twenty-four hours, being considered equal to 
two and a half times the present ordinaiy quantity of sewer- 
water. The waste of the liquid sewage contemplated in this 
scheme destroys the purpose of what was intended to be a 
simple method of collecting the contents of the existing 
sewers. 

251. The other proposal which received the attention of 
the select committee, and to which we will allude, was sug- 
gested by Mr. Higgs, the patentee of a method of treating 
sewage matters. Mr. Higgs's patent is dated 28th of April, 
1846, and the object is entitled, " The means of collecting 
the contents of sewers and drains in cities, towns, and vil- 
lages, and of treating chemically the same ; and applying 
such contents, when so treated, to agricultural and other 
useful purposes.*' The scheme comprises the construction 
of tanks or reservoirs for the sewage, with suitable buildings 
over them in which the gases evolved are to be collected, 
condensed, and combined with chemical agents ; and also 
an arrangement of spars or bars, on which the salts formed 
by this combination may crystallize. Apparatus is devised 
also for distributing the chemical agents over the mass of 
sewage, and the claims of the patentee extend to the use 
and application of them for the purpose of precipitating 
the solid animal and vegetable matters contained in the 
sewage, and of absorbing and combining with the gases 
evolved from it. " Hydrate of lime," or '* slaked lime," 
and " chlorine gas," were the agents proposed to be em- 
ployed for these purposes, and the solid matters were to be 
cut into suitable shapes, and dried ready for use. The 
committee, however, did not feel justified in recommending 
these elaborate processes, in the then immature state of the 
public mind upon the subject. 

. 252. Prior to the month of December, 1847, the sewers 
of London were controlled by seven separate boards of ma- 
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nagement or district CommissionB, six of which belonged 
to London north of the Thames, and one to London south 
of the Thames. The six former districts were: 1, West- 
minster and part of Middlesex ; 2, The Begent*s Park ; 
8, Holbom and Finsbury; 4, The City of London; 6, The 
Tower Hamlets ; and 6, Poplar Marsh or Blackwall. The 
one southern district included certain portions of the coun- 
ties of Surrey and Kent. The several boundaries and ex- 
tent of these districts are not worth definition, because they 
are now all (except the City division) included in one Metro- 
politan district, which is roughly stated to comprise a circu- 
lar area of about twelve miles diameter, or about 114 square 
miles,* and to contain about 2000 miles of streets, and 
1000 miles of sewers, consisting of old and new sewers, 
and open ditches.f The City Sewers District is about one 
square mile in extent, and comprises about 60 miles of 
sewers. I The progress of sewer-building in this City Dis- 
trict may be imagined from the following facts, viz. that the 
commission began building sewers in 1756, and up to the 
year 1882 had completed 9 miles and 1035 yards. In the 
year 1 848, Mr. Kelsey, their surveyor at that time, stated, 
above 36 miles of sewers were completed. The length of 
60 miles now constructed is said to have completed the 
sewers as far as the streets of the district are concerned, 
leaving only courts and alleys to be provided for. 

258. Let us briefly glance at the magnitude of some of 
the sewer-works which have been constructed, in the extra- 
vagant attempt to convey the entire sewage of London into 
the river Thames, and to maintain the subterranean chan- 
nels in a clean and healthy condition.' The Irongate sewer, 
which was formerly the city ditch, varies in height from 
6 ft 6 in. to 11 ft, and in width, from 8 ft to 4 ft. The 
Moorfields sewer is 8 ft. 6 in. by 7 ft., and at the mouth, 

* ETidence-of B. Stephenson, Esq., before Select Committee on the Great 
London Drainage Bill, 13 June, 1853. 

t Evidence of Mr. J. W. Bazalgette, before the same, 10 June, 1853. 
X ^vi^ei^ce of Mr. W. Haywood, before the same, 13 June, 1853. 
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10 ft. by 8 ft. I and at iha north end of tba Vwremmi ^m 
sewer is d7 ft. below the siirfa436. The Fla«t Diteb, wUoh 
dfains the land &om Highgate southward, is pardy fc^rmad 
in two distinet sewers, which run on eaiih side of Fairrinfft 
dan Streets they are from 12 ft to U ft. high, and eaoh ia 
6 ft 6 in. wide, yet they are liable to be flooded by the in^ 
manse ruth (^ waters ^om the northward, and a single storm 
will raise the water 6 ft in height in both of them a]nioa^ 
instantaneously. The oulvert eonstrueted at the moQth of 
this sew^ was severely injured, in 1842, by the flood eonr 
sequent upon a thunderstorm, The Bishopsgatd 8tr#dt 
sewM*, whieh receives the drainage of Shnreditch and adjdr 
cent places, is 5 ft by 3 ft., is sometimes overehftrg^d, mA 
returns the waters ftom the high ground* 

254. By way of conveying a ready idea of tb0 Ta§t si^ 
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of thd Mddt.fllewer, the great lengdi and extended iimetions 
of which hftye just been notieed, the two figures 69 and 70 

Fig. 7Q. 



are introdueed, the €^e showing the seotipn pf fk^ sewer at 
the city boundarj, where its dimensiei^s f^^ Id ft ? iiir hj 
II ft. 7 J in., a^d the other showing the size pf the mouth 
(4 tb# Mwer, whiob is 18 ft. 6 in. by !» ft., and of wpple 
capacity to odmi^ one of the largest locomotive engine, th^ 
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gigantic dimensions of which are sufficiently familiar to all 
who have foimd it necessary to cross the platform of a rail- 
way station. Yet this sewer has often heen surcharged ; 
and only within the last year (1842) the culvert, so ably 
constructed at its mouth by Mr. James Walker, was severely 
injured by the flood consequent upon a thunderstorm.* 

266. The large sewers constructed in the Tower Ham- 
lets division are 4 ft. 6 in. by 8 ft, and the cost per foot 
varied from 1 68, to II. 68., according to the depth. One of the 
sewers; from Hoxton New Town, is laid, for a length of 
8000 ft., on a dead level, and discharges into another, which 
is also on nearly a dead level, because a fall could not be 
obtained. From the 46 miles of sewers in this division, 
about 2000 loads of sewage have to be annually removed by 
hand. All the outlets are into the Thames, below London 
Bridge, and are provided with valves, which sometimes fail, 
owing to some matter issuing from the sewers that prevents 
their closing, and of course the tide rushes in. Up to the 
year 1843, 13,000 ft, of sewers were rebuilt, at alower level 
than formerly, in order to accommodate levels not then pro- 
vided for, and at the same time maintain the communication 
with the river. 

266. In the Surrey and Kent division, all the main arched 
sewers are necessarily provided with flaps and penstocks, 
nearly all the district being below the level of high water in 
the river. Some of the sewers in this division have only 
2 ft. of fall per mile. 

257. In the Holbom and Finsbury division, 38,00OZ. 
were expended upon the Fleet sewer between the years 
1826 and 1843, and the surveyors were enabled to reduce 
the size of a part of it from 12 ft. by 12 ft. to 10 ft. by 9 ft., 
" from an advantage in the difference in the fall, there being 
more fall in this situation, which rendered the proportion 
of the current through the smaller sewer equal to the larger 

* HTidence of the Surveyor to the Citj Commission of Sewers, before 
the '* Commissioners of Inquiry into the st^te of large towns and populous 
districts." (1843.) 
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one.** The extra expense incurred by the mcreased depth, 
which sometimes occasioned a passing through sand and 
treacherous materials, may be inferred from one item in the 
cost of construction, viz. that in such cases it was found ne- 
cessary to use close timbeiing to strut the sides of the ex- 
. cavation ; the sand also, sometimes, despite all precautions, 
rose 6 inches in one night ; and the building of some of the 
sewers in Pentonville "had the effect of loosening the 
ground, or causing the ground to slip, the whole way up the 
hill,'' and thus seriously damaging the walls of the gardens 
above. The Fleet sewer, as already described, takes the 
-wBiet from Highgate and Hampstead, conducting it towards 
the river Thames, and it has been known "to rise six, 
eight, and ten feet in a night ; there have been instances of 
persons being carried away by it." The fall in that part of 
it which is Id ft. by 12 ft. is at the rate of a quarter of an 
inch in 12 feet ; and in the 10 ft. by 9 ft., the fall is three- 
quarters of an inch in 10 feet. The effect of this difference 
of declivity is, that " if the 1*2 by 12 were completely full, 
the other would not be full by 2 ft" 

258. The following details respecting the Fleet sewer 
are quoted from a report dated 26th October, 1863, made 
by Mr. Haywood, the Surveyor to the Commissioners of 
City Sewers. The Fleet sewer is the largest in the metro- 
polis. An area of land six or seven times the size of the 
whole City of London is drained by it, the waters of that 
area being carried into it by many hundred collateral sewers. 
Near the outfall — ^that is, at the Crescent, Bridge Street, 
Blackfriars — the flow of these accumulated waters is proba- 
bly from 18,000 to 20,000 gallons per minute during the 
day in dry weather; with but slight rain, the flow is so 
much increased that no man can stand against it ; with a 
very moderate quantity of rain, falling uniformly over the 
drainage area, it is questionable if a horse could maintain 
its footing against the current in the sewer ; with heavy 
rain the sewer is half filled. The difficulties attending re- 
pairs to the Fleet and similar sewers are very great. The 
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Gitj Sewers Sunreyor reported that % portioKi of the Flaat 
lewer, between ileet Street and Blaekfiiars Bridge, being in 
sueh a condition aa to require eztensire and inunediate r&r 
pair, it was determined to put in a new inyert, and under* 
pin the side walls, and for this purpose to construet a dam 
aoross the sewer, so al to lay the bed of it diy. In order 
to atoid complaints of street interrupti<m or other publie 
nuisance, the works were commenced and carried on with* 
out opening any portion of the sewer itself, the only means 
of ingress and egress being one small hole 8 feet wide and 
8 feet long in a branch sewer in Orescent Place* Down 
this small opening the workmen descended and conveyed 
all materials required, at g^eat labour and time, and, neoea* 
sarily, cost Moreover, mechanical appliances, which are 
used with so much advantage in many similar works, snd 
by the aid of which, with sufficient space, an amount of 
work fire hundred times that done in the Fleet seweip 
could have been performed in the same space of time 
with ease, could not be used, owing to the insufficient of 
space, and, therefore, manual labour^ applied at immense 
disadvantage, was all that could be adopted. The men 
w«re freqilenUy working with two thirds of their bodies im-> 
mersed in water, amid an imcertain light, and a deafening 
roar of water, and at tunes, with but little chance of their 
lives, if they had once lost their footing. Half of the 
84 hours the tidal water was in the sewer ; when it was out^ 
the men oonld with difficulty work three hours eadi morn- 
ing, especially on Saturdays ; and at other timeS) if any 
rain came down, the work had to be suspended at once. 
The sewer was never entirely free for S4 hours either from 
ndn actually falling, or the drainage waters from the upland 
districts after the rain ; and actual progress was made only 
in one tide out of eveiy three or four. Two or three times, 
when dams were all but complete, heavy floods of rain 
washed the larger portion of them away. 

d69. The following extracts from the evidence given by 
Mr. Boe» surveyor to the late Holbom and Vinsbuiy Oom<« 
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miflskm of Sewers, before the OommuiBioners of Inquiry 
into tbe state of large towns and populous districts, in 
1843, will give some notion of the state of the sewerage of 
that division. " The Holbom and Finsbuiy divisions are 
peculiarly situated, haying no immediate communication 
with the river Thames. The waters from these divisions 
have to pass through one or pther ci the adjoming districts, 
namely, the city of London, the Tower Hamlets, or the 
city of Westminster, before reaching the river. The sewers 
of the Holbom and Finsbury divisions have, therefore, of 
neoassity, been adapted to such outlets as the other dis* 
triots respectively a£forded ; and these having formerly been 
put in without due regard to an extended drainage, the 
sewers of these divisions have not had the benefit of the 
best fall tbat could 'have been obtained. Of late years 
many of the outlets have been lowered in the adjoining 
districts ; but to alter the existing sewers of these divisions 
to the amended levels would require the rebuilding of 
about 8dd,766 ft. of sewer, at an expense of nearly a 
quarter of a million sterling." In this state of things, Mr. 
Boe conceived that the ordinary current of water which 
passes along the covered sewers (in some constant, in 
others periodical), in these divisions* which, in numerous 
cases, does not prevent deposit from accumulating, might 
yet be made available for that purpose; and accordingly 
**a series of experiments were comm^iced, in order to 
ascertain whAt velocity could be obtained in the sewers; 
and it appeared that deposit might be removed by the 
means of dams placed in certain situations to collect heads 
of watOT, at less expense, than by the usual method. Ant 
other series of experiments were made for the purpose of 
endeavouring to ascertain the proportion of decomposed 
animal and vegetable matter, and detritus from the roads, 
carried through the sewers to the river Thames by the 
common run of water. Several square boxes were aon« 
structed, to hold 1 cubic fi)ot of water each. These were 
flU^d with water from diffisrent sewers. After allowing the 
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turbid water to clear itself by precipitation, I ascertained 
the relative amount of the precipitate. The foUowing were 
some of the results : — From the river Fleet sewer, near the 
oudet, the proportion ot decomposed animal and vegetable 
matter, and detritus from streets and roads, held in me- 
chanical suspension, was 1 in 06. The run of water was 
10 in. in depth, and 10 ft. in width, having an average 
velocity of 83-47 ft. per minute, passing 693-8 cubic feet of 
water per minute; the matter conveyed being 721 cubic 
feet per minute, or 108*660 cubic yards per annum. The 
river Fleet sewer conveys the drainage of about 4444 acres 
of surface, or about four-sevenths of the surface of these 
divisions. That great quantities, in addition to the above, 
are carried away by the force of water in rainy weather is 
certain; allowing this source, and the remaining three- 
sevenths of the district to only equal the discharge by the 
river Fleet sewer, there appears to be a quantity of upwards 
of 200,000 cubic yards of matter carried to the Thames per 
annum from these divisions in mechanical suspension, and 
by the force of velocity, weight, and volume of water." In 
one part of this division (at Canonbuiy) the sewer is sLety- 
eight feet below the euffacef and the drainage of the houses is 
provided for by a subsidiary sewer. 

260. In the Westminster division the outfalls to the river 
vary from 10 ft. to 15 ft below the level of high-water mark, 
that is about 5 ft. above low-water mark, and some of them 
are provided with flaps. The cost for cleansing sewers by 
hand, made necessary by deficient fall, amounted, in the 
year 1842, to 18502. ; the average for seven years, being 
about 1,5502., and the deposit is so hard that it is some- 
times found necessaiy to lise the pick-axe to dislodge it. 
Some of the main sewers have a fall of only ^ inch in 100 
feet. During the ten years ending 1848, 27,056 yards of 
sewers were constructed by the Commissioners for this 
division, and these were principally old sewers built at a 
lower level, or diverted along the public way: The size of 
the main sewers is 3 ft. in width, and 5 ft 6 in. in height* 
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and of this size 32,000 yai^ds were constructed from 1833 to 
1843 jointly by the Commission and by individuals. In 
1843 one of the sewers in this division, the King's Scholars* 
Pond Sewer, was described to have from its commence- 
ment at Shepherd's Well to the flood gates at the Thames, 
a total fall of 285 ft. 4 in., yet the fall is in some parts very 
deficient In the Pimlico district adjoining the palace, the 
fall is for the last 5500 ft. only 5 ft. ; — less than a foot in 
each thousand feet, and the outlet was still so low that 
£ood gates were necessary at its outlet. During the rising 
of the tide, therefore, these gates were closed for six hours, 
and the sewage of course remained pent up or thrown back 
towards the houses. 

261. In the Kent and Surrey divisions, in which there 
are several open sewers, the drainage is so conducted that 
" during the time the tide is up in the river, the sewers 
have to receive all the water, making its way into them, 
and must bo sufliciently capacious to hold both that quan- 
tity, and all rain that may fall, until the fall of the tide 
allows a discharge." The covered main sewers are 5 ft. 
3 in., by 4 ft. 9 in. The whole of the district is many feet 
imder high-water mark. 

262. The facts here quoted are certainly sufficient to 
show that the system of draining into the Thames is at- 
tended with vast extra expense in the depth and size of 
sewers, and with great inconvenience and inefficiency in the 
want of declivity thereby laboiured under, which are power- 
ful considerations against the propriety of this method, and 
the weight of which has to be added to that of the loss 
occasioned by the utter waste of most valuable maniuing 
matters, and the injurious effects of saturating these matters 
in the water from which the daily supplies for the metro- 
polis are mainly derived. 

263. Having thus briefly noticed some of the details of 
the sewerage arrangements of the metropolis, as carried on 
under separate commissions prior to the year 1848, it is 
desirable to notice some of the proceedings of the United 
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Of *' Metropolitan Commission/^ since that time, including 
their proposals, estimates, and actual works. There is 
good reason for extending this notice, sufficientlj, more- 
over, to embrace a general review of these proposids, since 
they present to us the labours of the highest engineering 
talent yet brought to bear upon the great questiqn, How 
can London be properly drained ? The new commission, 
appointed in December, 1847, consisted of the following 
members .* — Lord Ebrington, Lord Ashley, Dr. Buekland, 
Mr. Hume, M.P., Hon. F. Byng, Dr. Amott, Dr. South- 
wood Smith, Sir J. Clark, Rev. W. Stone, Professor Owen, 
l^ir H. De La Beche, Messrs. B. A. Slaney, M.P., J. Bid- 
well, J. Bullar, W. J. Broderip, R. L. Jones, J. Leslie, and 
E. Chadwick. In the Session of Parliament 1848, an Act 
(11 k IS Vict. c. na), was passed, entitled, *' Jn Aet to 
ecnsoUdaU and continue in force for Two Years j and to the end 
of the then next Session of Parliament, the Metropolitan Com- 
missi&ns of iSewersJ* This Act of 1848 was amended by 
another (13 A 18 Vict. c. 98), passed August 1st, 1849, 
entitled, *^An Act to Amend the Metropolitan Sewers Act,^ 
By these Acts powers were given for making district rates, 
and levying contributions for building sewers, for making 
sewer rates partly prospectively and partly retrospectively, 
for levying and recovering " improvement rates," and bor- 
rowing money on mortgages and annuities ** to pay off any 
debt not actuaUy due'* 

S64. On July JiSrd, 1849, at a Special Court Of the 
Sewers* Commission, a report was read from the surveyor 
of the Metropolitan Commission at that time (Mr. Phillips), 
embracing plans and estimates he had prepared for the 
drainage of the metropolis. Li this report, tiie principles 
of town-drainage were laid down as follows :— 

** 1. That two outfalls, independent of such other, should 
be provided, one for the discharge of natural, or land and 
surface waters, and the other for the discharge of artificial, 
or house and soil drainage. 

" S. That in order to perfectly drain the subsoil of the 
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t&wn 16 ai to free it from damp, and to oanry off, as quiddy 
ag poaaible, the natural waters, a system of permeable land 
drains and sewers should be protdded to dUoharge into the 
natural watercourses and riyers. 

" 8. That as outfalls are already pi*DVided by streams and 
rivei^ for the discharge of the natural waters, it is only 
necessaiy to proyide separate and proper outfalls for the 
discharge of the artificial^ or house and soil drahiage, 
lyhich outfalls should convey the sewage, as fast as it is 
produced, to a depot at a convenient and unobjeetionabla 
place, quite clear of and below the town. 

** 4. That in order to carry off the hotis# aiid soil draixi<- 
ag« without eontamuiating the atinosphei^ of the town by 
the escape of effiuvia through Che numerous inlets, as is at 
present the case, a system of impermeable drains should 
be provided, distinct and separate from the permeable land 
drains and sewers, to discharge, without intetmission, into 
the said artificial outfall independently of the tiret. 

** 5. That at the main outlet a depdt should be foYtU^dd, 
and wodks established for raising the sewage, and for 
converting and distributing the same foi^ agricultui^ and 
horticultural purposes." 

S65. For the discharge of artificial, 6t house and soil 
drainage, the surveyor proposed a tunnel extending firom 
the Plumstead marshes to Twickenham, and crossing undeir 
the River Thames eleven times. The proposed course and 
construction weire as follows :— I'rom the depdt at Plimi* 
Stead to pass under the river to East Ham and Flaistow 
marshes, recrossing the river fi^m below Bow Greek to the 
Greenwich marshes, where a shaft would be provided, and 
a branch drain to serve Charlton, Greenwich, &c. Then to 
cross the river again to Blackwall, where another shaft and 
main branch drains for Poplar, &c., would be constructed. 
Continuing between the export and import West India 
Docks, the tunnel would reach the margin of the river, 
and a shaft and branch drain for limehouse be provided. 
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Grossing to the Surrey side, the tunnel would run through 
Botherhithe, and have two shafts and branch drains £or 
Botherhithe, Deptford, and Hatcham, westward, and follow- 
ing the bank of the river eastward. 

The tunnel would leave Botherhithe just below the en- 
ti*ance of the Grand Surrey Canal, and continue under the 
river to the Middlesex side between the entrance to Shad- 
well Dock and the Botherhithe tunnel, and run south of 
the London Docks through Wapping to the margin of the 
river above the entrance of Hermitage Dock. Two shafts 
would be built along this part of the line, and connected 
with branch drains, one westward to the Tower and along 
Thames Street to Blackfriars, intercepting all the sewage 
running into the Thames as far as the Temple Gardens. 
From ihe east shaft a branch would be carried for Wapping. 
Leaving the entrance of Hermitage Dock, the tunnel would 
cross the river to the Surrey side near Shad Thames, and 
continue through Beimondsey, Southwark, and Lambeth, 
below Westminster Bridge. Four shafts and deep main 
branch drains would be constructed on this length, to serve 
the house drainage of Bermondsey, Southwark, Lambeth, 
Newington, Kemiington, Walworth, Peckham, Camberwell, 
Dulwich, Norwood, Streatham, Stockwell, Clapham, Brixton, 
Battersea, Wandsworth, Tooting, Mitcham, Carshalton, 
Merton, &c. 

From the Surrey side the tunnel would pass under the 
river below Westminster Bridge to Westminster, and con- 
tinue through tliat district to the King's Scholars' Pond 
sewer at Pimlico ; thence to Chelsea, and between Fulham 
and Hammersmith, crossing the river to Barnes, recrossing 
to Mortlake, and finally crossing above Bichmond Bridge 
to take up the sewage of Twickenham and the neighbour- 
hood. The line here described, although thus appearing 
circuitous, may be seen on a map to thread the windings of 
the river in a uniform curve. 

266. The tunnel here proposed was to have a fall of 
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49 ft. 3 in. tliroughout its length (19| miles), a diameter 
of 8 ft. at its outlet, and 6 ft. at the upper end. The fol- 
lowing was the esthnate for the work ; — 
Constructing 19| miles of tunnel sewer, at an 

average of £23,709 per mile, including shafts £512,823 
Constructing the shaft at the terminus . . 4,099 
Steam engine, pumps, and hoilers, complete . 95,000 
Engine house, &c. 33,577 



Total estimated cost of 19^ miles of tunnel 

sewer, with machinery, &c £644,999 

The annual cost of maintenance, consiunption of coals, 
and superintendence, was set down at 15,000Z., and it was 
calculated that the rated value of the property draining 
into this txmnel being 10,000,000Z., an annual rate of 1 
penny in the poimd for 22 years would suffice to pay the 
principal and interest. The depot (at Plumstead marshes) 
would be 10 ft. deep, and elevated above the surface 20 ft. ; 
an average of 10,000,000 cubic feet of sewage were ex- 
pected to be discharged into it diuing the day, and this 
would be precipitated and filtered until the liquid parts 
were reduced as nearly as possible to pure water, while the 
solid matter remained. When there was no demand for 
liquid manin:e, it might be directed into the Thames or the 
sea, or otherwise disposed of as circumstances might render 
advisable. This gigantic conception appears to have served 
only for the Commissioners to talk about, and to elicit the 
geological objections of Sir H. De la Beche and Dr. Buck- 
land, upon the ground that the tunnel could not pass 
through a continuous bed of clay, but must, for a great 
part of its length, be bored through beds of sand, gravel, 
and chalk, all of which ai*e percolated by immense quanti- 
ties of water, and would prove extremely unfavom-able for 
such operations as those contemplated. 

267. At the end of 1849 or beginning of 1860, the Com- 
missioners appear to have become thoroughly puzzled by 
the conflicting advice of their own surveyors, and affrighted 
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at the task beford them ; and they desperately solicited 
anybody and everybody to tell them what tb«y would re- 
commend for the drainage of London. The invitatioti 
thus given for the sending hi of " plans/* was responded 
to by some 150 or 160 amatem* drainers, of whom the only 
fact known is, that each of them became entitled, some lime 
after they had tendered their recommendations, to receive 
a printed map from the Commissioners, showing what the 
sewer system of London at that time was, a kind of infor- 
mation which one might have supposed should have preceded 
their suggestions for its amendment. 

268. In October, 1861, when a new Commission Was 
formed, of which Mr. R. Stephenson and Sir W. Gubltt, the 
eminent engineers, Were members, these 160 or 160 plans, 
which had lain till then im examined, were exhumed, and 
carefully considered and reported on by a sub-committee 
appointed for that purpose. " Upon the report of that Gom- 
miltee," says Mr. Stephenson,* •* Mr. Forster, the then en- 
gineer of the Commission, proceeded to design a plan for 
the general improvements of the sewage of London, and 
more especially with a view to the interception of it, to 
remove it from the Thames as far as possible in the vicinity 
of London. I was connected with Mr. Forster, at least I 
took a great interest In the question, and every step he took 
I was cognizant of. I examined the greater part of Lon- 
don, and more especially directed my attention to the lower 
districts on the south side of the Thames, which are so 
badly dmined at present, and which are, in fact, the seats 
of diseases of all kinds. We proceeded so far as to com- 
plete our plans for the soutli side, and were about to let the 
contracts ; but a question was raised as to the powers of 
borrowing money, and pledging the rates of the districts. 
It was found we had no such power ; therefore we had no 
means of proceeding with our contracts. We had theft an 
interview with Sir George Grey on the subject, with a view 

• ETidencB before Select Committee on the Great liontton Drainage Bill, 
13 June, 1853. 
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of bringing a Bill into Parliament, to authorise tis to raisd 
money for those purposes. Very shortly after that inter- 
view, the Government was changed. I do not know what 
steps were taken by the next Government, but I believe 
none, and I believe none are now being taken by the Go* 
vemment to relieve the Commissioners of Sewers from 
their embarrassments." 

869. The plan designed by Mr. IPorster, and here refen^ 
to, comprised two sewers, a high-level sewer, and a low- 
level sewer, the former to receive the natmul drainage or 
rainfoil and surface-water, and conduct it to a low part of 
the district, as Bow Creek, by gravitation simply ; the low 
sewer to collect all the house drainage, and convey it also 
by gravitation to Bow Creek, where it would be pumped up 
and descend with the surface-water to the outlet at Barking 
Creek. By this plan, the districts that were proposed to be 
drained by ^^mvitaiion comprised a veiy large proportion of 
the whole area of the north side of the Thames, admitting 
of a sewer falling 4 ft. a mile, commencing at tlie extreme 
west of London— Bays water— and continuing to the Eiver 
Lea, where Mr. Porster proposed that there should be re- 
servoirs, if necessary, for the purification of the sewage; 
but that would be conveyed into the Thames conveniently 
at all times. With respect to the loto4evel tract, it was 
proposed (commencing, as in the high-level sewer, at the 
lifting point on the eastern bank of the River Lea) to con- 
struct a sewer at a depth of 47 feet below tlie invert of the 
high-level sewer, proceeding beneath the River Lea near 
%o Four Mills Distilleiy, taking the north-western bank of 
the LimeliQuse .Cut,, at which point it receives a branch in- 
tended'to intercept the sewage of the IsIq of Dogs ; thence 
continuing along the bank of Limehouse Cut, through a 
portion' of the Commercial Road, Brook Street, and beneath 
the Sun Tavern Fields, into High Street, or Upper Shad- 
well, at a point opposite to the church ; thence along Rat- 
cliffe Highway,' and Upper East Smithfield, across Tower 
Hill, through Little and Great Tower Street, Eastcheap, 

n 2 
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Gannon Street, Little and Great St. Thomas Apostle, 
Trinity Lane, Old Fish Street, and Little Knight Bider 
Street ; thence heneath hoases in Wardrobe Terrace, and 
on the eastern side of St. Andrew^s Hill, along Earl Street 
and Blackfi^iar*s Bridge. From BlackMar^s Bridge it was 
proposed to construct the sewer along the river shore to the 
jmiction of the Victoria Street sewer at Percy Wharf, which 
sewer, between Percy Wharf and Shaftesbury Terrace, 
Pimlico, would thus become an integral portion of the in- 
tercepting line. The whole length of this main sewer, from 
the Biver Lea to Bayswater, was about 8 miles, the section 
of sewer 8 ft. by 6 ft. or 5 ft. 6 in., and the estimated cost 
1,200,000^. 

270. The want of powers to raise money, under which 
the Commission laboured, as already explained in quoting 
Mr. Stephenson's Evidence, necessitated the suspension of 
proceedings, and shortly afterwards (in 1851) the death of 
Mr. Forster deprived the Commission of their professional 
adviser, and opened the door for a careful reconsideration 
of the plans he had proposed. In October, 1861, Mr. R. 
Stephenson and Sir W. Cubitt accepted the appointments 
of Consulting Engineers to the Commission, and various 
minor works or those of " drainage," merely, as distin« 
guished from the ulterior purpose of "intercepting" the 
passage of refuse matters into the Thames, were, during the 
following two years, sanctioned and executed.* 

* The following record of estimates for workf ordered hj the Metropolibin 
Comniission may be useful : — 

Ordered 6th September, 1850. 

£ «. 
840 ft. of 12 in. pipe sewer, Shepherd's Bust . , . • 70 

f, KentBoad 22 O 

„ Hanway Street 

„ John's Court 

„ Petty's Court 

„ Lisson Qrove 25 

" j Portman Market , . . . 20 

„ Portland Street, Walworth . « 50 
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Oxford Street . 320 



COMHTSSIONEBS* ACCOUNTS. 53 

271. From a statement of the aflfairs of the Metropolitan 
Sewers Commission, read at a General Court, on the 6th 
September, 1853, it appeared that when, previous to July, 
185Ji, the power of the previous Commission to call for a 
rate of Qd. in the pound was reduced to 3(/., 200,000Z. was 
the sum required for their ordinary annual expenditure; 
but that after this, they were empowered to raise not more 
than 100,000/., although they had entered into contracts 
which could not be withdrawn ; that when the New Com- 
mission was issued in July, 1852, after giving credit for all 
the rates, there was still a balance of 36,0002. againi^the 
Commissioners; that in the last 12 months, the present 
Commission had executed, at the public expense, brick and 
pipe sewers to the extent of 28^ miles in length, con- 

450 ft. of 2 ft. brick culvert, in line of Falcon Brook 
12 in. pipe sewer, Brick Street, Park Lane . 
„ Grown Court, Temple Bar 

" I Moor Street, Marylebone 

„ Lamb Court, Clerkenwell 



860 
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350 


>t 


12 


146 
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200 


i> 


12 


76 
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60 
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12 


420 
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Fulham Road . 
Ebury Square, Pimlico 



120 





90 





87 10 


95 14 


19 10 


106 





10 






Camberwell Grove .... 460 



Ordered 2l8t July, 1852. 

170 ft. of 12 in. pipe sewer, in Chester Mews, Fimlico. Gradient 

1 in 60 82 10 

660 ft. brick sewer, 3 ft. 9 in. X 2 ft. 6 in., in New Street Mews. 
Gradients 1 in 43, and 1 in 200. Materials — stock bricks, 
Portland cement, and blue lias mortar .... 360 

100 ft. 12 in. pipe sewer, in "Woburn Mews, "West, Gradient 

1 in 100. (Contribution £2 per house) . . . . 18 

260 ft. brick sewer, 4 ft. X 2 ft. 8 in., in Higbgate Boad. Gra- 
dient 1 in. 122. Materials-7-stock bricks, Portland cement, 
and blue lias mortar « 225 

1^0 ft. of half-brick barrel sewer, 2 ft. in diameter, in Wands- 
worth Boad 30 

(8m page 72 for prices in 1864.) 
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tractod for or put in hand ld| mUes, making a total of 41 
miles in length, at the cost of lid,85S/. ; hut theare were 
many other works oonaidered as puhlic, though constructed 
at the expense of proprietors abutting on publie roads; 
there bad been 11^ miles of these public sewers constructed 
in that period, at a cost of 36,4182. ; these aewers were 
built at private expense, but afterwards became the pro* 
perty of the publiCi and were cleansed and repured at the 
public expense, the original proprietor receiving a contribu 
tion towards the expenses from all parties who drained into 
them; that besides these works and those executed at the 
pubuc expense, there was a large amount of pipe sewers 
that could hardly be aepai^ated from puhlic works. The 
length of these pipe sewers was 70 miles, executed at a 
cost of 44,108Z. The works superintended by the Com- 
missioners cost 80,5212., and the new sewers, executed by 
themselves, 141^,8532., making a total for works superin- 
tended, during the year of 838,8742. The works of the 
'Commissioners, however, did not end there. There had 
been repairs, and the cleansing of open and covered sewers, 
and on these three ^objects ^ey had expended a sum of 
36,8802. .' ■ 

273. The state of funds in the several districts under 
tJie jurisdiction of the Commissioners, on the 80th June^ 
1853, was reported as follows : — Credit, 35,754/.; debt, 
39,407/. 13s. 7(2. ; available balance, after taking credit for 
outstanding rates, 81,4182. 14«. 9cf. ; current ordinaiy ex- 
penses, per annum, 59,1772. 5s. ; estimated amount of ex- 
traordinary works ordered, 66,4392. 10s. 10^. Total pro- 
spective expenses, 135,606/. 15s. 10(2. Available balance 
for further extraordinary works :— Credit, 8,733/. 16s, 9rf. ; 
debt, 53,9112. L7s. ipi. ; amount to be derived from new 
rates of 6(2. in the pound, 316,370/. Of this latter item 
an amount of 140,0002. might be collected within the 
year. Amount unprovided for, to be met by new rates, 
44,1882. Is. 1(2. This statement does not embrace the fol- 
lowing liabilities ;--. Penuanent )pa08, 99,493/. 13«. Id.; 
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claim flokP Ordnance survey, 24,aia/. 1T«. bd ; total, 
123,7061. 10^. 6cf. Special oontraots to the amount of 
46,608/. have been entered into, and duly executed, during 
July and August, in respect of the most important of the 
works ordered, but not commenced, or only partly executed, 
up to 30th June, 1868. The" following are the amounts 
produced by a 6c?. rate on the larger districts : — Bane- 
lagh, Q4,OOOI. ; western division of Westminster, 37,000/. ; 
eastern ditto, Sl,000/.j Holbom, 23,000/.; Finsbury, 
a4,000/. ; Spitalfields, 17,600/. ; Surrey and Kent, 39,000/. ; 
Counter's Creek, 6,200/. ; Greenwich, 4,000/. ; Fulham and 
Hammersmith, 9,600Z. } Kavensboume, 2,000/. ; Bichmond, 
1,000/. 

278. In October, 1853, the surveyor and copsulting en- 
gineers of the Commissioners appear to have completed 
their plans for the main drainage of the metropolis, north 
and south of the Thames, which, after being received and 
adopted in Committee, were adopted at a Special Court of 
the Commissionera, held October 20th, 1863. 

The report by the surveyor (Mr. J. W. Bazalgette) was 
mainly as follows : — 

NoBTH Side of thh Thames. 

" The * Hackney Brook, or Northern High Level Inter- 
cepting Sewer,* will divert the whole of the sewage and 
flood-waters of 14 square miles of the upper districts from 
the low districts, and from the river Thames, thereby re- 
ducing the size and cost of construction of the sewers in 
the low districts, and preventing the destruction of property 
by floods, as at present. 

"For instance, the Fleet sewer is now overcharged by the 
amount of drainage falling into it; it is uncovered for a 
great part of its length, through a dense population ; and 
in other places it has fallen in, and has been temporarily 
repaired ; but the Commissioners have never been able to 
apply an effectual remedy to it, on account of its present 
defective route, and the enormous cost of rebuilding so 
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large a sewer in a more direct line through a crowded popu- 
lation ; and, as it has always heen intended ultimately to 
divert its contents from the Thames, such a work could 
only have been of a temporary character ; whereas now, by 
the diversion of the upland drainage, these difficulties will 
all be removed, and it and many similar sewers reduced to 
economical and permanent works. 

" The amount of drainage received by this upper line will 
govern the sizes of the lower lines of intercepting sewers ; 
and, as Parliament has now sanctioned the construction of 
a timnel railway along the New Road, which will intercept 
our present main line of sewers, and necessitate the imme- 
diate construction of an interceptmg sewer along its route, 
this upper line is rendered the more immediately impera- 
tive. 

' ** This upper sewer will be in itself a complete and perfect 
work, and independent of any other intercepting sewer ; it 
will afifbrd an advantageous means of flushing and cleansing 
the sewers in all the low districts above which it passes, 
and thus improve their drainage ; and it will relieve the 
neighbourhoods of Stoke Newington, Kingsland, Clapton, 
and Hackney, from the nuisance of an offensive open sewer, 
known as the * Hackney Brook,' and the latter places from 
frequent inundations. 

** The route of this work commences with a sewer 4 ft. 
6 iQ. in diameter, by a junction with the 4 ft. circular sewer 
now constructing as the outfaU. for the Hampstead drainage, 
in the line of the open Fleet sewer, its inclination being I . 
in 72. It passes along Gordon-house Lane, crosses the 
Highgate Eoad at an inclination of 1 in 134, and intercepts 
the second branch of the Fleet sewer, being at this point 
6 ft 9 in. in diameter. It then passes across the flelds into 
the Tufnell Park Road, turns down the HoUoway Road to 
its junction with the Tollington Road ; at this point its 
size is increased to 10 ft. 6 in. in diameter, and it is laid at 
such a level as to enable it to receive a branch from the 
Edgware Road and Regent's Park, diverting the waters 
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of the upper portion of the Ranelagh and King's Scholars* 
Pond Sewers, and again intercepting the Fleet sewer at 
Kentish Town. From the Holloway Road it passes under 
the Great Northern Railway and New River Cut, taking 
nearly the same direction as the present open Hackney 
Brook sewer, for ^hich" it will act as a substitute, and falling 
at an inclination of 1 in 476 to the High Street, Stoke 
Newington, near to Abney Pa«k Cemetery, where its size 
is increased to 11 ft. 6 in. in diameter. It then passes 
along the Rectory and Amherst roads to Church Street, 
Hackney ; and from this point it is increased to 13 ft. 6 in. 
in diameter, and its inclination is 1 in 1320. Thence it 
crosses under the East, and West India Dock Railway, 
along Albion Road, West-street, an^ through the Victoria 
Park, and under Sir George Duckett's canal, up to which 
point it is kept up to such a level that it may be carried 
over or under the River Lea Navigation ; or the sewage 
may be diverted from the point at Sir George Duckett's 
canal down below the Lea Navigation, at Four Mills, retain- 
ing the present as a flood outlet ; or the point selected 
would afford an advantageous position for the erection of 
sewage manure works. With all these alternatives held in 
view, it is proposed for the present to terminate this work 
with two parallel culverts, each 7 ft. 6 in. in height, by 8 ft. 
in width, discharging into the River Lea at the present 
Hackney Brook outfsJl. This sewer is kept at such a level 
(for the purpose of being carried over or under the River 
Lea, and discharging at high water by gravitation), that a 
portion of the drainage of the Hackney Marshes cannot be 
turned into it ; this must either drain into the Lea, as pro* 
posed by Mr. Forster, or eventually be carried into the low 
level sewer, to be raised by pumping. 

" It is further proposed to ^ tide-gates at the mouth of 
the present Hackney Marsh open sewer, to prevent the 
ingress of the tide, and by this means, and the diversion of 
the upland sewage from it, to prevent the floods to which 
the Hackney Marshes are now subjected. 

D 8 
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** The estimated cost of the whole of ttuif work, from KU^ 
bum and Hampstead to the Biver Lea, aud a bra^oh to 
Four Mills, will be about ^71,^00^, and the probable coal; 
of that part of it which it is now proposed to execute wiU 
be about 181,^90^. 

'* The areas which would drain into this sewer amount tQ 
about 8913 acres, or 14 square miles," 

Sir William Cubitt, one. of the consulting engineers, 
having approved the plan, referred to the post in the follow* 
mg words :— 

** I have most carefully gone over the estimates, the 
prices of which are guided, in a great degree, by works of 
the same kind recently executed, and at this time in pro* 
gress for the Commissioners, to which heavy percentages 
are added for conUngenciea and compensations, for which 
no exact estimate can be made* The total amount, as 
shown by the estimate, is 271,290/.; but, reasoning from 
analogy in similar cases, I strongly recommend that the 
probable total cost of ibis measure should not be stated, 
or, at least, I do not think myself safe in stating it 9^% less 
than aOO.OOOZ," 

PouTH Side of thb Thames. 

SUBBET AND SENT DBAINAOE. 

*^ In preparing a design for a higb4evel or catobwatar 
sewer, which, in conjunction with a low-level sewer, will 
complete the main features of a design for the effectual 
drainage of the metropolitan districts on the south side c^ 
the Thames, and the diversion of the sewage to a lower 
point in that rivers it has been sought, as &r as practicable, 
to comply with the resolutions of the Commissioners ii| 
185l3, communicated to their engineer, the late Mr. Forster, 
on the subject of the main drainage | and, in describing 
the proposed scheme, it will be necessary, first, to call 
particular attention to the natural features of the district 
to be drained, which covers an area of about iU square 
milea 
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*« The uibaa districts aod moro dosely populated guburba 
are bounded cm the north by the river Thames, on the 
east by the river Bavensbourne, and on the west by 
the river Wandle ; the southern boundary being a summit, 
or water-shed level, about Mitoham, Streatham, Norwood, 
and Sydenham. The river Thames now receives the drain- 
age of this district from the Heathwall, the Effra, the Bat- 
tle Bridge, the Great St. John's, the Duffield, the Earl, and 
several minor sewers along its course, for a length of 
II miles, between the outlets of the rivers Wandle and 
Bavensbourne, It is not proposed to intercept the rainfall 
upon the lands adjoining, these two last-mentioned rivers; 
they wiU continue to receive it as heretofore. But it is 
proposed to divert from those lands, as far as practicable, 
the drainage of such roads and buildings as may be built 
upon them. 

*♦ The northern half of the entire area is mostly urban ; 
and its general surface varies from the level of Trinity high 
water to Q ft. below it. This tract has, doubtless, at one 
period, been a mai'sh covered by the waters of the Thames, 
{^though many of the houses upon it have now basements 
and cellars below the ground. 

** The southern half is suburban, and its surface falls 
rapidly towards its northern or lower margin, from an ele- 
vation of 360 ft. higher ; so that during heavy rains the 
floods from the whole of this upper district descend with 
great rapidity into the sewers of the two lower districts, 
and, the mouths of those sewers being closed by the waters 
in the Thames for about eight hours each tide, the sewers 
themselves, moreovar, being insufficient to store the storm 
waters, the result is, tbat during that period the lower dis* 
tricts are flooded. 

^' It will be Evident that it is impossible to maintain a 
eontinual and unintermitting flow in the sewers of the two 
lower districts, or to drain the cellars and subsoil, and make 
them dry and healthy, without the aid of pumping. 

*♦ Tbd first object, therefore, has been so to intercept the 
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waters from the suburban, or high district, as to carry off 
the largest po&sible amount by gravitation, and, having thus 
relieved the low districts from periodical inundations, where- 
by their size is reduced to a manageable limit, to deal with 
them as hereinafter described. 

"The high-level intercepting sewer commences at the 
north-west comer of Clapham Common, being of the ordi- 
nary form (3 ft. 9 in. by 2 ft. 6 in.), and falling at the rate 
of 1 in 341 to its junction with its northern branch, its 
route to this point being through Clapham, Park Road, 
Acre Lane, and Cold Harbour Lane, where it intercepts 
the Effra sewer near the Brixton Boad, its size increasing 
in proportion to the amount of drainage to be received by 
it, up to 9 ft. 6 in. in diameter at the point where it receives 
the drainage from 2200 acres. From this point the main 
line falls at the rate of 1 in 1760, or 3 ft. per mile, to its 
outlet. And from the junction with the northern branch 
to the junction with the southern branch, it is 12 ft. in 
diameter, and drains 3500 acres, its direction being through 
Cold Harbour Lane, Love Walk, and fields to the Lynd- 
hurst Boad, where it receives the southern branch. IVom 
this point to the outlet it is increased to two parallel cul- 
verts, each 11 ft. in diameter, passing mainly through fields 
and garden ground, and under the Brighton and North 
Kent Bailways, near New Cross stations, to the mouth of 
the Bavensboiune, at Deptford Creek, into which it will 
dischsirge the drainage from 7850 acres by gravitation at 
high water of the highest tides. 

" The northern branch commences with a sewer 4 ft. in 
diameter, by a junction with an existing sewer in Bectory 
Grove, Clapham; and it falls at an inclination of 1 in 175 
through Larkhall Lane to Union Boad. Here it increases 
to 6 ft. in diameter, and falls to its junction with the main 
line in Cold Harbour Lane, at the rate of 1 in 1472, again 
intercepting the Eflfra sewer at a lower point in the Brixton 
Boad, and draining 650 acres through a 7 ft. sewer. 

**The southern branch, or Effra diversion, commenoes 
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by a junciioii with the Efira sewer at Oroxted Lane, near 
Dulwich. It falls, at inclinations of from I in $j73 to 1 
in 100, in a direct line to its junction with the main sewer 
in the Lyndhurst Boad, being 9 ft. in diameter, and re- 
eeiving the drainage from 3100 acres. 

" These branches ai*e important parts of the high-level 
sewer, and without them it will not answer. In particular, 
the southern branch will save the covering of an equal 
length (about two miles) of the present open Effira sewer, 
the waters of which, instead of descending by a circuitous 
route, and with a flat gradient into the lower districts, will 
be diverted at a high level to a point nearer the outfall ; 
and thus the size and cost of the upper portion of the 
main line will be reduced to one-half of what would other- 
wise be required, while a deep outfall for a new district 
now subjected to floods, namely, Dulwich, will be pro- 
vided. 

" Taking the more comprehensive view of the drainage 
of the whole area, it is proposed to extend and shghtly 
alter the design for the low-level sewer laid before the Com- 
mitteemen the 20th ult., so as to iricluda the drainage of 
Battersea and Battersea Fields. The present scheme com- 
mences with a circular sewer, 6 ft! in diameter, at the level, 
of the bed of the Falcon Brook, Battersea. It passes along 
Battersea Boad, under the South-Westem Bailway, along 
Priory Boad, Lansdowne Boad, and the Clapham Boad, to 
St. Mark's Church, Kennirigton *Comtnon, up to which 
point its inclination will be'l in 1760, or 3 ft. per mile, 
and its size will then have been increased to 8 ft. in dia- 
meter. From this point it proceeds in the direction of 
Mr. Forster's line, by the side of the Surrey Canal, to the 
Old Kent Boad, at an inclination of 1 in 2112, or 2 ft 
6 in. per mile, being at this point 9 ft. in diameter. It 
then proceeds along the Old Kent Boad, in Ooldblow Lane, 
where it leaves Mr. Forster's line, taking a direct course 
across the fields and market gardens, under the Brighton 
and the North Kent Bailways, along New Douglas Street 
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and Griffin Street, to High Stveat. Deptf<^, it« loeliiiaticm 
for this length being ft, per mile, (»r l in dQ40, eocl i^ 
uvfB 10 ft. in diameter. Up to this point it receivei tb^ 
drainage from 4450 acres. At High Street. Deptford, ita 
size is increased to Id ft. in diameter, -being intended 
eventually to receive here an important bran«b sewer from 
the Lower Deptford Boad, which will divert £rom tho 
Thames the drainage of about 8300 acres, The main lino 
then passes between the Oas Works and the Vitriol Works, 
near the Greenwioh Bailway, and under Deptford Creek, to 
a vacant pieee of ground, well adapted for a pumping sta* 
tion, or for sewage manure works, or for continuing th^ 
line at soma future time further eastwardt 

** Thfi lift from the bottom of the sewer to Trinity high* 
water mark would hare be 80 ft. ; and from 1600 to SOOOr 
horse power would have to be provided at the pumping 
station. 

'' The lengths of the proposed sewers would be a0 fol- 
lows !^ 



High-Leypl Sewer. 




Milea. Fur. 


:»liles. Fur. 


Main line • , 


f 


. 6 2 




North branch , 


, 


. % 




South branch . 
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. 8 1 




Total 


• 




10 8 


Low-J^«vel. 








Main line , 
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. 7 4 




North branch . 


• 


, 2 3 




Total 


f 


» ' 


9 T 



Grand Total ... 20 8 

*< The sections of diese sewers are of a favourable chairao<- 
ter ; their inverts generally average from 120 to 80 ft. beloif 
the surfaxse ; and a very small portion of the work wiU bftv# 
to be tunnelled. 

'* Careful attention has been paid to the cbaraeter oi Hm 
•m'Awe under which the isewers are to be eonsiaiict^d; Plif 



,y Google 



SOUTH Qf Xm TPAMES. OQ 

Yftto properly mi bouses bave been avoided M muob as 
poseibla; but, owing to ibe streets being irregularly laid 
out, it bas not bean praoticable to effect tbis altogether, and 
in sttoh oases tbe comparative value of the propert^r ba9 
been duly considered, 

« It will be observed that, to save tlie permEment cost of 
pumping, the gradients of tbe low-level sewer bave been 
reduced j but tbe increase in ibe si^e of a sewer compen- 
sates for a loss of fall; and tbe sewers will still maintain, 
tbrougb tbeir whole length, a velocity of current varying 
from Ij^ to 12 miles per bour, with Uie ordinary flow of 
sewage, and during rains tbat velocity will be increased. 
In tbis sewer there will be a constant current of a large 
body of water, so that the average velocity will be sufficient 
to keep it clear from ordinary deposit ; but there will also 
be a good opportunity of flushing it, together with the 
other sewers in this district, from tbe catcbwater sewer and 
the Thames at high water, 

'< The minimtm velocity of current in the higbJevel sewer 
will be about ^ miles per hour, while at tbe upper end it 
will be considerably more. 

** The drainage of those portions of Ihe metropolis at 
present requiring a deeper outfall must not be made de^ 
pendent upon any scheme of interception, unless such 
scheme is adequate to carry off the rainfall, as well as the 
sewage, from them* It tberefore follows that, wbatevei? 
scheme of interception is eyentually adopted, if it be short 
of such capacity, the sewerage and drainage of tbe metrof 
polls must be perfected and completed independently of it. 

'^ If tbis reasoning be sound, it is manifestly more eco* 
nomioal to construct one work which will answer every 
purpose, than to complicate it by the execution of duplicate 
sewers, in order to gain tbe same object which may be ob^ 
tained by one; and it remains only to show that these 
sewers are sufficient to carry off the ratn&ll, as well as the 
sewage, from the districts for which they will be the outtr 
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** An average of an annual nunfall amotinting to SO inches, 
added to the maximum daily flow of sewage, would give 
only 8000 cubic feet per minute upon the upper district, 
and 4000 cubic feet upon the lower district, while extraor- 
dinary tbunderstorms, amounting to I or 2 inches in an hour, 
are recorded. These, however, generally occur during the 
hot seasons, when the ground absorbs and the air evapo- 
rates a large portion of the rain. Such storms are generally 
partial, covering but a small district at one time, and are 
never of long duration, so that tlie whole of the. waters that 
have fallen upon the district do not reach the outfall sewer 
until after the storm has abated ; and, a small portion only 
of the sewer being pre-occupied at the commencement of 
the storm, the remaining portion for some time stores the 
flood waters. A heavy and uniform rain of long duration 
is probably the most severe ordeal to which sewers are sub- 
jected, when, the ground and the air having become charged 
to their full extent, absorption and evaporation abstract but 
little from the sewers, and the feeder sewers, having also 
become charged, would be delivering to their full extent. 

" The largest quantity of rain which fell in London in 
one day during the wet season of 1852 measured If inch; 
but storms, amounting to 2 J inches in a day, although of 
rare occurrence, have been recorded, and these would deliver 
into the high-level sewer 45,000 cubic feet per minute, 
while it is capable of discharging upwards of 46,000. The 
low-level sewer will discharge 21,400 cubic feet per 
minute ; and it is here proposed that the existing main 
sewers in the low districts should act as reservoirs during 
such extraordinaty storms. From their construction, and 
the remarkable flatness of their level, they ai'e peculiarly 
adapted to this object; and it is estimated that on these 
occasions they would store the surplus floods without the 
rising of the latter to an inconvenient height, and would 
i^in deliver their contents into the Thames at low water, 
or into the intercepting sewer, as it became free to receive 
them. Thus the provision of engine power for such rare^ 
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occasions would be saved, and the existing sewers made 
available. 

" The estimated cost of this work will be as follows : — 



258,000 



High-Level Sewer. 




£ 


Main line 
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196,600 


North branch . 


, , 


20,400 


South branch . 


• 


42,000 


Low-Level Sewer. 




Main line 


, , 


140,000 


North branch . 


• 


32,000 


Engines, pumps, &c. 


. 


100,000 


Land, buildings, &c., 


required 




for the permanent 


establish- 




ment . 


• 


100,000 



879,000 

Total • • . £637,000" 

Extracts from the Beport of the Consulting Engineers on the 
Swrey and Kent Drainage, or the Drainage of that portion 
of the Metropolis which lies South of the River Thames, 

" The object of the measure is to drain, take off, or inter- 
cept all the ram- water and sewage which now fall into the 
Thames from the district which lies between the rivers 
Wandle and Eavensboume, and does not at present fall 
into those rivers, the whole of which comprises an area of 
at least 24^ square miles, or 15,680 acres, of one-half of 
which the rainfall can be intercepted and taken off by grar 
vitation ; but the other, or lowest half, the greater part of 
which lies below high-water level, would have to be pumped 
up and delivered into the river at some point below London 
— say Deptford Creek — in the* first instance, and subse- 
quently at some point lower down the river, should such an 
extension be deemed advisable. 

" It may be here observed that the pumping-station at 
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Deptford 099ek would afford a most exoellent gitiiation for 
the manufacture of * sewage manure,' by which means the 
sewaga-wwtar would be deodoriied and deUverad into the 
Thames, divested of its most offensive and deleterious 
matter, which by tb»t process would (as is affirmed) be 
separated and coAY^rted into a most valuably product for 
^icultural purposes. 

" To prevent mistakes and misapprehensions on Hie vast 
subject of draining this great metropolis, and particularly 
as regards its cost, W€ deem it proper to state in this place 
that the special object of this report is not the ' sewerage,' 
properly so called, of die metropolis south of the Thames, 
but, in reality, the construction of a work, by means of 
which the sewerage of the southern portion of London 
may be freed from flooding in the first place, and well 
draii)ed in the nest ; in short, to produce the same effect 
that would be produced by raising the land on the south 
side of the metropolis 20 ft. ; in which case, every main 
sewer could discharge itself into the river, either deodorised 
or not, as might be deemed advisable, without pumping, 
apd the cost of sewerage vould be the expense of the 
sewers only to effect the dramage of the basements of all 
the houses ; and tbe whole expense of what is herein re- 
commended is the oonstruction of a set of underground 
main intercepting drains or ' arteries,' sufficiently low to do 
that by die artificial means of pumping which the Thames 
cannot do of itself by natural means ; and it follows, of 
course, that the cost of putting things in this position, and 
constructing this < arterial drainage,' is altogeti^er oyer and 
above the usual cost and expenses of carrying into effect 
tbe sewerage of a town, a circumstance which cannot, in 
our judgment, be too strongly impressed upon flie minda 
of those who are crying out (and certainly not without rea^ 
son) for improved sewerage ; for, supposing that the * ai'tarial 
drainage,' with its plant of steam-engines and pumps, ooaty, 
in the whole, three-quarters of a million sterling, it will 
probably CP*t another quarter to aompldte the * sewerage' 
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of the district even aa it now exista, loaviDg alono fur- 
ther extensions of the souibem portions of the metro* 
polls. 

<* Now, looking to the fact that no real booiefit oan be de« 
rived tiU the plan be fully carried out to the extent only as 
herein oontemplated, and that the sooner it can be done 
the better, the question is, Can 750,000/. be raised forth- 
with to complete this * arterial drainage/ and secured by 
special rates upon the whole district to which it equally apt> 
plies, leaving the raising and expending of money for the 
common sewerage to be managed as at present in the dif* 
ferent districts ; the first would be a uniform and standing 
rate for a given long period, till the sum borrowed was paid 
off, with interest, which would be followed by a small \xnu 
form rate, to cover the current expenses of pumping, &c. ; 
and the second, a rate varying both in district and amount, 
according to the wants and current expenditure of the dis^ 
trict in which the new sewers or other works are situated. 

*' The raising of the funds necessary to cariy any mea« 
sure of this kind into effect, and securing the repayment, 
is of equal, or, perhaps, even greater importance, than the 
measure itself, and cannot, in our opinion, be too strongly 
impressed upon the Commissioners, and by them upon 
that department of the Government with which such mat. 
ters rest ; but we again repeat our opinion that the capital 
to be raised for the arterial drains, such aa the Hackney 
Brook sewer, on which we have already imported, on the 
north of the metropolis, and the high and low level arterial 
drains on the south, should be considered as separate and 
distinct, both in the mode of raising and rating, and also 
of repaying the money, from that for the common sewers, 
which are made to discharge into the arterial drains. 
^ <* We have, Ac, 

<*W. CUBITT, 

<» B, Stephbmson." 
UU. On the d7th of February, 18ft4, a Special Court of 
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Sewers, composed of members both of the city and metro* 
politan Commissions, was held, for the purpose ,of reeeiT- 
ing, considering, and determining upon, the report of the 
surveyors to the commissioners, " upon the sews^e inter- 
ception and main drainage north of the Thames, a portion 
of the works described in such report having relation to 
sewers made or to be made within the City of London and 
liberties thereof." Appended to the report, which described 
minutely the localities through which the mam sewers were 
proposed to be carried, was an estimate of the probable ex- 
pense of the' works requisite on the north side of the 
Thames, amounting to 1 , 378, 1 00^. This is exclusive of the 
proposed " Hackney Brook " northern high-level intercept- 
ing sewer, estimated at 271,200/., including the cost of the 
work from Kilbum and Hampstead to the river Lea, and a 
branch to Four Mills. Sir W. Cubitt, one of the consult- 
ing engineers of the Commission, added a revised estimate 
of his own as to the probable actual cost of the works de- 
scribed in the report, and also of those proposed for the 
south side of the Thames, including the extension to the 
Thames in Plumstead Marshes. As to the north of Thames 
intercepting system and conveyance down to Barking Creek, 
Sir William estimated l,750,000i. instead of 1,878,190/. 
And for the south side he allowed 750,0002. for the works 
as terminating at Deptford Creek, and previously estimated 
by Mr. Stephenson and himself, besides 50O,000Z. for the 
extension of such works through Greenwich and Woolwich 
to an outlet in Plumstead Marshes, making a grand total 
of 8,000,0002. for completing the arterial and intercepting 
drainage of the entire districts north and south of the 
Thames. 

275. It has appeared desirable to quote these reports at 
considerable length, in order to recorcfthe latest proposals 
emanating from the highest engineeriDg authorities yet con- 
sulted on metropolitan drainage. The Commission, under 
whose authority these reports were prepared, however. 
On the occasion of the meeting last referred to, held on 



,y Google 



COKHISSIONEBS OF SEWKBS, 1^. BOABD OF HEALTH. 69 

Februaiy 27, 1854, adjourned sine die, in consequence 
of the receipt of a letter forwarded by order of Lord 
Palmerston, the Secretary of State for the Home De- 
partment, avowing his opinion that the system of drain- 
age advocated by the Board of Health, (as distinguished 
from that adopted by the Commissioners) was " that which 
ought to be adopted, as combining the greatest degree of 
efl&ciency with the greatest degree of economy." Now, the 
essential difference between the " systems " advocated by 
the " Commission" on the one hand, and the " Board" on 
the other, will be apparent from the following extract from 
a letter addressed to Lord Palmerston by Mr. F. O, Ward, 
and referred to in his lordship's communication to the 
Commissioners just quoted : — 

" The Commissioners of Sewers and the Board of Health 
are at issue as to the cheapest and best way of draining 
houses. 

" The Board of Health advocate the drainage of each 
house block by tubular submain running behind tiie houses, 
and receiving the sewage of each by a short tubtilar branch. 
They recommend a large reduction of the sizes of drains 
hitherto employed ; for the single house drain they recom- 
mend a 4-in. pipe ; for the submain receiving several of 
these a 6, gradually expanding to 9, 12, and so on up to 
20, as the lengths of the submain and the number of 
branches received by it increase ; such drains, they say, are 
self-scouring, the run of .water through them is so concen- 
trated that it keeps them clear of deposit; the branches 
being very short, and running backward towards the drain 
behind, instead of forward beneatli the houses towards a 
sewer in the street, have a quicker fall, and, in case of 
leakage, leak into the open air, not into the houses, while 
the cost is so much reduced by this method that blocks of 
labourers* houses may be thoroughly drained and fitted 
ynih sinks and soil-pans for an improvement rate of less 
than 2(/. per house per week. 

" The Commissioners of Sewere, on the contrary, recom? 



,y Google 



70 OOlOaMtONERS Of SSWillg 0. BOABD 09 UMihtB* 

mend large brick sewers under the street in front oi the 
houses, beneath each of which they cany a long drain from 
back to front, strictly forbidding more thati two housed 
being relieved by (me pipe dtain ; a system which, Aether 
otherwise good or not, certainly entails an enormous in« 
crease of expense on the house-owners, and Uiereby re* 
doubles the rasistance on their part to sanitary improve* 
ment. 

** The Commissioners of Sewers lay great stress on Uia 
independence secured by their system to each house-owner^ 
whose premises are traversed by his own drain only, which 
he may take care of or neglect as he pleases, as its stop* 
page Can only injure himself. They allege against the 
Board of Health plan, that it trespasses on private pro^ 
perty, that any stoppage of the tubular submain causes 
aU the houses higher up to suifi^r, and renders it necessary 
for workmen to enter private back-yards to search out and 
remedy the evil* They also deny the self-scouring property 
oi the tubular submalns, and refer in support of their view 
to several hundred cases of stoppages in tubular drains, 
collected in a report oi Mr. Basalgetle. 

" The Board of Healthy on the other hand, declare the 
householders' pretended independence on this plan to be 
illusoiy, seeing that the big street sewer is, nine times in 
ten, an elongated cesspool^ where the sewage of each stag- 
nates to the detriment of all, while the stoppage of a branch 
drain running beneath a house on the old plan often causes 
stench in the houses on either side. Against the incon« 
venience of an occasional invasion of the back-yards by 
woritmen, they set the greater inconvenience of periodical 
invasicms of the street and stoppage of the traffic, besides 
tearing up of kitchen floors to get at foul drains under the 
houses. In reply to Baisalgette's report, they bring forward 
examples by hundreds of pipe sewers working admirably 
year afber year, and attribute such stoppages as have oc- 
curred to errors incidental to the l&nst introd«ietion of A 
new system'-— ^Tors which, once known) may be avoided. 
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Among these they cite the use, at first startbg) 6f dmiii 
pipes whieh wet:e too thiti, so that they broke utidef the 
pressure of superinoutubent esdtih^ the uheyen laying and 
careless jointing of pipes by the jobbing builders o^en 
employed (as in some parts of Oroydon) on this ivork^ the 
use of soil-pans with duets as large as the pipe drains to 
which they led, and, above all, the often s^anfy and intei> 
mittent supply of water to the system. They further peini 
out that a population accustomed to open privies and cess- 
pools, available as receptacles for solid refuse of every 
kind (refuse properly due to the ashpit), have to go through 
a transitional period of a few weeks, while they are learn- 
ing that sUch practice leads to stoppage of the new cirtu- 
lating system, and must be aboli^ed along vnth the old 
stagnant cesspools. They say that many of the tubular 
sewers, put down as failures in Bazalgette's report, are at 
this moment working perfectly well^ for which reason they 
take all his allegations with very great reserve* They pointy 
with some reason, to Lambeth Square, New Cut, whm<e 
the Commissione]*s have allowed 3d houses to be drained 
by four tubular back drains, which act perfectly Well, quit* 
as wdl as 33 separate drains could act, though these would 
have cost eight times as much; and they ask, why this 
eightfold cost should be imposed upon London at large by 
the very same authority which sanctioned m this square the 
combined drainage, which is found to work well" 

'/276. On the 3nd March, 1854, on tlie motion for the second 
reading of the '* Great London Drainage Bill" (which vms 
negatived without a division), Lord Palmerston stated he 
was about to re-organise the Commission of SeWers, and 
tliat Commission had lately matured a plan for the drain*- 
age of the metropolis, which, upon full consideration, he 
believed to be a good one, and likely to efltect the objects 
which the scheme now before the House was intended to 
effect, fie thought there would be great advantage in the 
drainage of the metropolis being effected and managed by 
one central department in some degree connected with the 
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local authorities. Moreover, if it should be possible 16 
realise that which, according to this Bill, might be realised 
— namely, the connection of the drainage of the metropolis 
with some commercial advantages from the transformation 
of sewage into manure — that also ought to be in the hands 
of Commissioners, in order that any such profit might be 
applied for the public benefit in diminution or relief of the 
rates raised for the construction of the sewers.* 



SECTION XL 
Supply of Water. — Pablic Pilten and Reflerfoin, ftc. 
277. Quantity and quality — criteria of every-day applica- 
tion — ^have special reference to the supply of water for 
every congregation or community of human beings. The 
varied practical purposes of domestic life to which this 
invaluable agent is alone applicable, and the intimate con- 
nection of many of these purposes with the health, life, 
and well-being of hiunanity, at once attest the high import- 
ance of abundance and of excellence in our command of 
water. Bivers, springs, and suiface collections have already 
been enumerated as the several sources of water for the use 
of towns, and the advisability of resorting to one or other, 
or combinations of these sources, has been shown to have 
some dependence upon the superficial contour of the town 
and suburbs. Facility of supply, promoting the economy 
of the means, will of course always have great influence in 
determining the source to be referred to, Bivers and their 
feeders — brooks or streams — ^may be classed, as the most 
abundant sources in most instances, but their applicability 
can jseldom be realised without some expenditure of power — 
natural or artificial. Surface collections and springs, on 
the other hand, are frequently applicable by the force of 

♦ The subsequent proceedings of the Commissioners, bringing down our 
liistorical sketch to the latest time before publication, also Mr. Stephenson s 
Beport on the " Intercepting System," will be given in an Appendix at the 
end of thig book. 



,y Google 



QUALITIES OF WATKE. 73 

it- 
gravity unaided by power, and requiring only suitable 
channels in which the supply may be conducted from the 
higher lands around the town. The cost of power has, 
however, lost much of its ^importance as an element in the 
calculation since the steam-engine has enabled us to per- 
form constant and easily-regulated duty in the raising and 
conveyance of water at a very small expense; and, there- 
fore, the comparative abundance of the several sources at 
all seasons will determine the preference rather than the 
susceptibiUty of self-propulsion. 

278. Where a choice is afforded as to sufficiency of 
supply, however, the qualities of the water should be al- 
lowed great influence in ruling the selection. Tracing all 
these forms of immediate supply to the common original 
one of rain water, we may readily infer, from a knowledge 
of its ordinary properties, and of the effect of its subse- 
quent treatment, the particular stage of tliis treatment at 
which it will be the most desirable to convert the water to 
our purposes. Rain water, as already shown (Part I. para- 
graph 54), contains ammonia, but it is, as well known, the 
least impure in constitution of any water at our command. 
All the earthy, animal, and vegetable matters with which 
water becomes charged, are extracted from the soil 
through which, or the surfaces over which, it passes. The 
nature of these matters depends upon the constituents 
of the soil which is percolated; tlie amount of them will be 
in proportion to the time during which the w^ater is main- 
tained in communication with the soil, modified of course 
by the degree in which they may be adapted for mutual 
action. Hence it follows tiiat tiae scale of comparative 
purity would stand thus : — 1. Rain-water. 3. Water from 
.surface drainage. 3. Water from soil drainage or percola- 
tion. 4. Water from rivers or brooks. 6. Water from 
springs and subterranean sources. Regarding No. 4, how- 
ever, it is to be remarked that the collection of the water in 
any kind of channel allows of a partial deposition of tlie 
heavier particles which the water has imbibed, faciUtated, of 
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course, by the depth of {he b(Jdy of water, aftd the 6loWti6g§ 
of the ctin*ent, or itiinimutn of motion. And besides this, 
the exposure of tvatef to the action of the atniosphefre 
at)peflrs to assist the evolution of some constituents which 
impair its purity. TVater from streams and rivers comeM 
thus to be considered as next in compar&tire purity td rain 
water iffitUediately derived, while that taken froin Springs 
and sources iti \vhlch it has long remained iii intimate 
contact with soluble eai-ths and otfier matters, is fboiid ta 
have acquired a corresponding proportion of these impuli- 
ties. 

279. lihe differetil kinds of Impurities fcoiitditifed in tftfteif 
have beeii explained (56 and 87), and the mefin^ of iestitig 
and correcting some of those shown (68 and bi). The 
process of filtration through the soil, ^hich the watei' 
derived frofn subterranean sOutces undergoes, tends to 
separate the ahimd and vegetable impurities, and thus 
spring- Wat ei* and well-water being comparatively clear, ar^ 
commonly reckoned as pUi-e. The matters whidb lhe3€ 
waters nevertheless contain are, however, separable only by 
chemical treatment, while the impurities of river-wate^ 
may be got rid of to a great extent by mere stibsldence and 
self-filtering. 

$280. The sevei-ai purposes for which water is required ifl 
a town, or collection of people, are — 1. Ordinary domestic 
uses, including drinking, washing of persons, clotheS, 
utensils, houses, yards, and watering gardens, &c. %. Mal- 
nufactures. 3. Supply of public buildings, baths, wasH- 
houses, &c. 4. Extinction of fires. 5. Cleansing and 
watering of streets and thoroughfares. 6. Supply of foun- 
tain*, and public gardens and pleasure grounds. 7. Mis-* 
cellaneous and occasional purposes not included Iti the 
foregoing. 

281. The supply necessary for the total of tliesO piit- 
poses may be reduced into an average quantity for each 
individual of the population, and each square acre, yard, or 
foot of the superpcial area of the town. The latter dattmi 
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"will abo afford the means of estimating the proportion of 
the supply which will be immediately rendered in the form 
of rain, and the difference between the amount of which, 
and the total quantity required, will represent the propor- 
tion to be served by other means. 

282. Adopting 24 inches as the average annual fall of 
Tain, and half of this as remaining after evaporation, as 
this quantity wiU facilitate an approximate calculation, and 
be sufficiently near the truth for the purpose, (an exact 
4Lverage for places, years, and seasons being scarcely cal- 
culable even by the most laborious computation,) it appears 
that 1 cubic foot of ram-water is annually retained upon 
^ach square foot of surface, or 9 cubic feet on each square 
yard, equal to 43,560 cubic feet upon each square acre. 

283. For the first, second, third, and fourth of the pur- 
poses enumerated (280), a daily supply of ^0 gallons for 
each individual will be a fair average, being more than 
sufficient in towns having an ordinary proportion of manu- 
facturing operations carried on within them, and nearly, if 
jaot quite so, even in towns where an excessive proportion 
of manufactories exist. This may be inferred from the 
quantities now supplied in towns. In Preston, Lancashire, 
the supply by the Waterworks Company is on an average 80 
gallons daily to each house, including fieuitories and public 
establishments, and as the service is constant and the 
quantity unrestricted, it is presumable that much of this 
qtiantity is wasted, and, if properly reserved, might be 
made to supply, partially at least, the cleansing of the 
•streets. The tenements occupied by the labouring classes 
In this town are estimated to consume only 45 gallons each 
daily. Assuming 5 as the average number of occupants of 
each house, the supply to each in these cases will be 16 
and 9 gallons respectively. In Ashton-imder-Lyne the 
daily supply to each house is 65 gallons, or 10 gallons 
tx) each person; and 18 factories in this town consume 
1,103,000 gallons daily. Experiments tried in the year 
1847 proved that the daily consumption per head of the 
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tenants supplied by the Asbton Waterworks Company 
averaged 6*245 gallons ; while the quantity supplied to the 
mills in the neighbourhood averaged about 7 gallons per 
head in addition, making a total of about 14 gallons per 
head per diem. In Nottingham, the " Trent Water Com- 
pany" supply 17 or 18 gallons per individual, daily, in- 
cludmg the trade consumption. The quantities supplied 
by four of the leading companies in the metropolis are as 
follows ; — 

East London 100 gallons per house per diem. 
New River 114 „ „ „ 

West Middlesex 'ISO „ „ „ 

Chelsea 154 „ „ „ 

These rates of supply will be found to corroborate the 
average we have assumed for each individual. Thus in the 
district supplied by the East London Water Company, 
including Spitaltields, JBethnal Green, Poplar, Limehouse, 
and other populous neighbourhoods filled with the poorer 
class of persons, it will be found the average number of 
persons is much above 5 ; 7 or 8 would probably be much 
nearer the truth. The New River Company also supplies 
populous districts. Many of their customers are similar to 
those just described, and the average of all would certainly 
give more than 5 persons to each house. In the districts 
supplied by the West Middlesex and Chelsea Companies, 
the population is mainly of another class, or rather classes, 
but all of which occupy larger houses than those in the 
Eastern and Northern parishes, and the average consump- 
tion in each house is high in comparison with the others, 
owing to two causes, the larger number of residents in each 
house, including domestics, &c., and the larger quantity 
consumed in baths and other means of private luxury and 
comfort which are beyond the command of the other 
classes of society. 

284. Although it would thus appear that an allowance of 
20 gallons per diem for each head of the population will 
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suflSice for domestic and manufacturing purposes,* including 
the supply of public buildings and for the extinction of 
fires, we would prefer to provide for a constant service of 
30 gallons, in order to make an ample provision for all 
possible casualties and increased demands. Water is pre- 
eminently so valuable, and, when properly sought, so cheap 
an agent, that extravagance should always be permitted 
rather than a deficiency be risked. 

285. For the three remaining purposes, viz. : — the clean- 
sing and watering of streets and thoroughfares, the supply 
of foimtains, and public gardens and pleasmre grounds, and 
such miscellaneous and occasional purposes as are jQot 
included in the six preceding classes, the average quantity 
of water required may be reduced, for an approximate esti- 
mate, into a given depth per diem, or annually, according 
to the surface occupied by the town and suburbs to be sup- 
plied. Towards this quantity, the rain may, as we have 
seen (!i282), be estimated to contribute an annual average 
depth of 13 in. available water. Now, allowing ^^th of an 
inch of depth of water to be daily required over tiie entire 
surface of the town for the several purposes stated, (and we 
believe this to be a liberal allowance,) we shall have an 
annual total depth of 365 -?- 10 = 36*5 in., which may be 
regarded as 36 in., from which deducting the Id in. sup- 
plied by the fall of rain, we have the remainder equal to 
24 in. depth to be supplied by other means. 

286. We thus derive a mle as to the quantity of water 
required to be supplied in any town, which calculates the 
total quantity upon two given data, viz. : — ^First, the amount 
of the population ; and, secondly, the superficial extent of 
the town and neighbourhood to be provided for. Thus, by 
way of example, let us suppose a town having a population 

* In June, 1850, it was estimated, upon official data, tbat there were 
288,000 houses in the metropolis, of which 270,000 were supplied with 
water, the quantity of which was 45,000,000 gallons daily, or 167 galloiu 
per house. 
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of 100,000 persons, "and an area of 1000 acres. The quan* 
tity reijuired to be provided annually for this town, would b^, 

Gallons. 
Population 100,000 x 80 x 365 = 1,095,000,000 
Area lOQO x 43,560 x 3 x 6 :?= ' 522,720,000 

Total annual quantity 1 ,6 1 7,720,000 

allowing each cubic foot tq equ^li 6 imppri^ gaUoQS, wl^cb 
is su^ci^ndy n^ar the truth fpr a geppr^l p^lauUtipn. 

287. liaving thu9 endeavoured to ^rive at ^ approxi- 
mate estimate pf the quantity of water r^(juired iov any 
town, formed upon the d^t^ of ihfi m^Q^mt of pppulatipi^ 
^ extppt of surfi^ce to ]>^ supplied, we have upw to refc? 
to the questipQ pf quality, mA cite such ot)§erv^tiPU$ a$( w^ 
can, wbiish bay© ten4e4 to exhibit the qualities of watpf 
derived from the several sources of rivers» sprji^gs, an4 
$^rface collections, or superficial drainage. Ji\. these p^r- 
ticular^ \i will also be usef^l tQ include such accounts of 
^e tppographipal and geological features pf the towni? m^ 
districts referred to a$ we p^ poUect. fropi ^e tru3tworthy 
tegtiiapny of witnesses before publ|c Commissipners. 

288. The borough of ^rpston comprise^ an b^q^ of 1I)6Q 
aeres, ^ population (io 1841) of 5P,131, and 99^4 hpuse§ a$ 
ihe sam^ date. The town pt$pd$ prinoip^y upou s^ d?3F 
^and pf the '' recent fqrmation," marl, clijy, ^.nd grfive} ^:mU 
ing in some parts. At a d^ptb of ajbout 00 ft. frpii^ thigf 
«urf^ceHioil, the f' new red s^d^tpue " is found i ^e ^l^ne 
rpijkforjftittgthebed of the river ftifeble, which tbrougU twQ 
flfiiles of its eourpe flpws %i abput a quarter of ^ naile di«T 
iaupe ivo^ the town, which h^ a geperal we$t^rly 9]ppd 
towards the river, the highest %it^^ being ahput 130 ft, mii 
tbd )x>west abput 95 ft, abpve its Ipw-water level. Umi 
than half of the town is supplied with water by the Preston 
Waterworks Company, which derives its supply from the 
" mill-stone grit" formation at Longridge, distant about seven 
miles eastward from Preston. The remainder of thp tQ\yg 
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is sijpplied fi\Qm'^eUs, The whofe pf tbe supply fron) both 
§pui?ces is described ^g pf e^^pellent pality, but ^Q ^ave ni? 
^n^lysis t9 det^rrpinp i<« ii)gredie»ts. ^fb^ geological in- 
fluences by which water derived from such sti'ata as are 
here described is ijffected, are pert^injy likely to fur^ish a 
yffii^y of good general quality mi ponjparfttively free from 
^pluble niineral ijnpurijiies, while the elev^-ted ppsition qf 
i^ to\y?^ \n rpIatioQ j;p tbp fiver wpuld dispourage fi resort 
^p it for g^»eral supply uppn ecoyjomic.^ grou^d^- 

^89, JPhorltoii-upofi-lMfedlopk, pue of thj ^wpships of t)^ ' 
bpvougb Qf Mauchester, frpm which it is indeed separated 
OQly bjr Jhe Jittle rivpr MedlQcfc, conjprises m area pf 
^hout 700 apre^.. Tfce j)umbep pf houses ]x\ 1841 w^ 
60^1, apd tbe pppul^tipji ^bo^j; §9,QDQ. 'I'he ^Qil i^ of j;wp 
Jiinds, gtiff clay over tlae soujherp part pf the town, ^d 
gj!avel cbiefly oyer the northerp. The geplogic^ fgymatioft 
is tbp new r^d sandstone, whicl) is fpund ^i depths varying 
frpqi 3 tp 90 ft. fron^ the surface. A stre^pa Cj^led ** Corn 
Brook " which flpws through the township fof morp than a 
mile, and delivers into the river Irwell at a distg^e of 
^bout twp miles, is little better than ^^ open drain, and 
kf ep9 tb^t pj^t qf ibp tpwu near to jits \imh^ iu a damp 
^d unhealthy cpnditipn. The supply pf >vater is dppv^d 
p^rdy by ^ Waterworks Cppapany froni frprton Brpok^ 
whiph .affords the pnly stream-water $t for use, and partly 
by pupaps from wells in the gravel. ,and sftndstoijp. ^1^ 
water from these latter sources i^ despribed as beif^g 
f*bfright mi sp^kling ai^d well tasted, but |iM,-" 

gap. "flfie town pf Ashton-under-fiyj^ is built Q» l> 
gPUtbs declivity on tbe north-west bank of the riygr f ame, 
f^boYp T^hich it i^ pl.evated from ?0 to 40 f|;,, tbp surrouni- 
iiig cppntry beiug r^m^kaW^ ^Q? its gmei^f^ly Ipyel char 
jQpter. Tl>e priWPipal geplogicQ.1 feature of the »eighbpwrr 
J^d is the great coal deposit, tbe smfacp-soil being pl^y 
^d Imm^ &^d thp subsoil cj^ry %ud gravel, The su)?-gj;rftt^ 
flf^ chiefty scbistus aftd ^widstppp, with ifttpiwedi4e Jayer^ 
pjf jgal. Jhfi wa^pr fpf J^e supply ^f flae ^f[^ ^ ^fv^i 
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by a Waterworks Company from springs in the higher parts 
of the parish, and is of a medium quality, being such, how* 
ever, that it is said to be " wonderfully " improved by filtra- 
tion. 

291. York, situated in the centre of an extended vale, 
lies between the rivers Ouse and Foss, and immediately 
above their junction. Both of these are navigable and 
tidal rivers, but the tide is prevented from rising to the 
city by a lock placed five miles below it. The available 
water is derived from the river Ouse, from wells varying in 
depth from 12 to 40 ft., and from borings from 350 to 380 
feet deep from the smface. The inquiries of the Rev. W. 
Vernon Harcourt, and of Messrs. Spence and White, of 
York, have furnished us with much valuable and accurate 
information as to the qualities of these watei's, and the 
geological conditions in which they are presented; and, 
from the records of these inquiries, a few facts may be 
advantageously quoted as illustrations of general principles, 
which will be found commonly applicable to the several 
sources of water for the supply of towns. 

292. From these records it appears that the total of 
gctses contained in one gallon of river-water, from the Ouse, 
amounted to 10-4 cubic in., and the average of 14 waters 
from the springs, or superficial wells, amounted to 23*8 
cubic in. That the total .of solid contents (consisting of 
carbonates of lime, magnesia, and iron, sulphates of lime 
and magnesia, muriates of soda and potash, silica, and 
vegetable matter,) in one gallon of river-water amoimted to 
^ grains, — ^while the average of solid contents of the fom-teen 
well-waters amoimted to 64*96 grains per gallon, comprising 
the same carbonates, sulphates, and muriates as found in 
the river-water, with the addition of muriate of lime in 
some specimens, and of the nitrates of lime, soda, or mag- 
nesia in all. An analysis of the water from the deep 
springs, made by the Rev. W. V. Harcourt, showed the 
presence of 96 grains of solid contents in one gallon, and 
of this quantity about half consisted of medicinal salts; 
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viz., 33-9 grains of the crystals of sulphate of magnesia, 
and 1 4-4 grains of the crystals of sulphate of soda, besides 
a small proportion of bicarbonate of iron. * 

293. The causes of these differences of ingredients 
(which, together with considerable difference of level at 
which the waters are maintained in the several wells, evince 
their independence of each other, and of the river) are 
referable to the geological conditions under which they are 
collected. The section of an Artesian well sunk to a depth 
of 378 ft. in the city showed the following arrangement of 
strata: — clay and gravel, 18 ft.; fine river-sand, 60 ft.; 
sandstone rock and loose sand, 60 ft. ; a thin seam of blue 
clay and water, and sandstone rock, 62 fib. ; another thin 
seam of clay and water, and sandstone rock, 178 ft. The 
Bev. W. V. Harcourt describes this sandstone formation, 
and the structure of the bed of the river Ouse, as follows : — 
" This sandstone rock belongs to the beds of the new red 
sandstone formation, which crop out in a low line of undu- 
lating hills along the western margin of the basin of the 
vale of York, passing in a south-easterly direction from 
Kainton to Borough Bridge, and Ousebum to Green Ham- 
merton, and emerging again from beneath the diluvial 
covering of that basin at Bilbrough, within a few miles of 
York. The immediate substratum of the soil in this line 
over a considerable tract of coimtry consists of these porous 
beds, and the water which falls or flows down upon it 
passes through them, between the seams of clay which 
alternate with the sandstone, along the dip of the strata, 
eastward to York ; it is thus carried between ihe diluvium 
below, the bed of the Ouse, and is dammed up under the 
superincumbent mass, in the reservoirs of the sandy beds, 
to the above-mentioned height of 15 or 20 ft. above the 
summer level of the river, to which height it is found to 
rise where the superior seams of clay are perforated by 
boring. The water of the Ouse consists chiefly of the con- 
tributions of the rivers which flow from the high hills on 
the north-west of York, (especially th^ Swale, the Ure, and 

E 3 
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the Ni4,) and are fed \>y the mm$ fuming on tbeir summits. 
The streams from this sourciS, after percplating th^ mill- 
stone gritj with which those hills are capped, find their 
phapiieis on the surface of the impervious heds of th^ suh- 
jaceut limestone and sliale along the yq.lleys« i^d ar0 pon* 
ypyed on linings of diluvial clay across the edge of ihQ 
superior strata, and over the drift-covered plan Qf the re4 
9and9toiw to York. To this account of the geologic^ cpn? 
ditions under which York is supplied with w^ter, is to be 
added: — Ist. That the gritstone hills which furnish the 
river-water include few materials of saline impregnation. 
2nd, That the beds of the red sandstone in which the deep 
sprmgs run are pre-eminently s^iferous. 3rd. That the 
rubbish of centuries accumulated in some parts of the city . 
tQ the dppih of three or four yards over the diluvial beds^ 
which contain the superficial wells, is full of decomposing 
matters, tending to mineralize and contaminate the lyater. 
The waters of these wells, accordingly, are highly (charged 
with solid matters, amounting, on an average, to t^bout 60 
grains held in solution in an imperial gallon. In two 
cases Mr. Spence found in them from 6 to 7 grains of 
£psom salts, and in one 11 grains ; in two othiers he fouiid 
31 and 38 grains of neutral salts of soda and potash. In 
these last an infiltration may be suspected from the deep 
springs; but in general there are sufficient materials iu 
and upon the drifted beds to account for th^ sulphate and 
carbonate of lime, of which the solid contents of these 
waters are chiefly compounded, and which render thpiQ 
harder tlian is desirable, either fpr drinking or for culinajry 
use." 

294. The evidence here sp well adduced is ^xxip\y suffir 
pient to account for the differences observed in thp chen^ic^ 
qu^ties and adulterations of the water derived from Hxq 
several sources; while that from the river Quse, pn th^ 
other hand, furnished by the gritstone hills, being purer a| 
its source, and subsequently improved by exposure tp tjie 
idr, conCaii^ only 9 grains of solid cpntents iu t^e gaUpn^ 
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^ prd$epts ap le^^baustle^s i^oi^oe of Yf^i^V Qf ^^^U^ut 
fimlities fyji all the purppses of i\iB city. 

295. Th^ miM^ri^s of .some soils ^ra p^U^uUrly pr^jiir 
.dici4 ia t^^eir effects upoii w^ter psi^sing thrpiigb t^^|». 
7hu$ p^4|; ii|ipF^gpates the water p^j$ing thrpiig^ ijb to so 
gseaj; ^ e^i^tpnt^ t}iat it beispmes disGo].oiire4, and thus ^ifr 
pQses ihe orlgm pf its impurity. Mr, Hoo^ersh^m, ^i^ 
4evpted n^ue}^ attentipQ profes^lpQ^ly tP the s^v^sal w^i^f- 
spVirf^es ai'P^n4 Mauehest^r, has I'^corde^ hi^ ol)serv4tion9 
pn this subject, ai|4 eites the eoufirmatory rep^a^ks of p^r- 
soi^s ?'^i4wg in tha y^Ueyof Lp»g4ei^dale m tbftt iocality, 
thaj; " upon ^ea^y r^i^s fbjlowipg a dvou^t ip tl^o sumjner 
thn^y the water Rowing dpwQ the stf^ams is ^l>out the polour 
pf Loiidpa pprter, giad «p strpngly impf^gnsttpd with inass 
^4 pe^, * thai it ciiii atismph time he sr^eljed a field off.'"^ 
Whep the wat^i* 4^i'iy^4 h^9V^ P^at l^ads passes through 
mineral roel^s pf partipulair formation, a process of natural 
£ltratipn !§; effept^ed by which toe colpuriag matter is ab- 
sorbed* aii4 fee water ^mefgiss m Sk tolerably pure state. 
This fact was observed by Mr. Thom in examining water 
whicl^ flowpd oYpr or through a pai^tipulur speeies pf laya or 
trap-i*9P)^ (a^algpiloid) in thp bills abo¥e (jreenock, and was 
found to have thiis bpppnia purifipd equal to fine spring-wat^r. 
Mr. Tl^em made gop4 ^^^ of this observation by substitutr 
ipg tjiis rpck, o.htai3ie4 in that neighbourhood at a nominal 
pricp, for charcoal iu thp subseq[uent process of artificial 
filtering. 

896. Tlie towQ of Jfottwgham, whiish is fihiefly at a con- 
siderablp elevation aboye thp surrounding country, on the 
south^rQ, eastern, a^d western sides, oiscupies the declivity 
of the soi|them t^Brmiuation of a long range of hills, an4 
.has the valley of the Trent about one mile in width at its 
foot. Three-fourths of the town has an ^Ipvation from 50 
^ dOO ft. above the valley, ^4 stands immediately on the 
new r^ sandstone rook, wbi^> being absorbent, remains 

^ " Report on tbe Water that can be Supplied to tbe Inhabitants of Man« 
•heller nd Saiittd, p. 8I.» Weale, 1848. 
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dry on the sm^face. The remainuig portion of the town 
has ^ sub-stratum of similar material, but stands immedi- 
ately on an alluvial deposit of gravel silt, and decayed vege- 
table matter, lying in the valley of the Trent or its tribu- 
tary streams. By two of these, the Leen on the south, 
and the Beck on the east, which flows into the Leen, the 
waters are conveyed into the Trent. The town is supplied 
mainly by two water companies, whereof one derives its 
supply from springs, situated about 1 J mile north of the 
town ; and the other from the river Trent, on the banks of 
which a reservoir and other works have been constructed. 
A small part of the population is supplied by minor works, 
which, by means of steam-engines, raise their supply from 
wells sunk in the new red sandstone rock. The quality of 
all these waters is described as being good, but those from 
the sandstone contain ** carbonate of magnesia in notable 
quantity," besides the sulnhate and carbonate of lime, mu- 
riate of soda, &c. It is quite certain, therefore, that this 
water is, for all ordinary piuTposes, impaired in its purity 
and value. 

297. Liverpool is situated partly on the side of the 
ridge of hills forming part of Everton, Edge-hill, &c., and 
partly on the crest of a minor elevation, the valley between 
the two having been the original streamlet or channel, 
which discharged into the old pool. The sub-stratum of about 
two-fifths of the city of Liverpool is clay. Along the banks 
of the intermediate valley the soil is chiefly a deposit of 
mud, with occasional beds of gravel, and in some parts 
irregular masses of rock. Between this valley and the 
soutJiem and eastern boimdaries of the town, a mixture of 
yellow sand and Jock is found in small thin beds, but gene- 
rally resting upon solid rock at an average depth of 15 ft. 
Liverpool is supplied with water by two public companies, 
one of which derives its supply from springs at Bootle, 
distant 3 miles from the town, and the other from wells in 
various parts of the town. These waters were analysed by 
Dr. Trail in 1825, and foimd to contain " muriate of soda 
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and of lime, the last in very small quantity ; sulphate of 
soda, and possibly a minute quantity of sulphate of lime, 
carbonate of soda." 

298. The town of Bilston has a declivity towards the 
brook called Bilston Brook, at its base, the fall being steep 
in the upper part of the town, and gentle in the lower 
part. " The geological character of the country is that of 
the coal measiu-es overlying the Wenlock limestone. The 
only peculiarity is the presence of porphyritic greenstone, 
and occasionally compact basalt. The soil of Bilston, where 
collieries have not been opened, has a preponderance of 
aluminous earth. The subsoil is generally brick earth. 
The sandstone is rather an important feature in the geology 
of Bilston, on account of its compactness and great thick- 
ness." The water for the town is chiefly supplied by a 
Waterworks Company, and, being collected by land-streams 
which flow over beds of limestone, becomes impregnated 
with lime, and thus acquires a considerable amount of 
hardness. 

299. Newcastle-under-Lyne stands partly on the old red 
sandstone formation, and partly on a strong mine of clay 
which extends into the coal formation of tiie Pottery dis- 
trict. The water springing from the former formation is 
somewhat hard, containing a small portion of carbonate of 
lime. That from the clay is much more hard, from its 
greater quantity of this carbonate. 

300. Bath, which is built partly on the slope and lower 
part of a hill, rising from the right bank of the river Avon, 
where it forms a considerable bend round from east and 
west to north and south, stands upon the nearly horizontal 
beds of clays, limestones, sands, and sandstones, which 
constitute a portion of the series of rocks to which the 
term oolitic has been given — ^from the oolite or oviform 
grains in msmy of the limestones. From the interstratifi- 
cation of these different kinds of rocks, conditions for the 
occurrence of springs are numerous, and they are accord- 
ingly oflen met with, and from these the town is supplied 
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with watdf for ^om^stic purppses. These iiipring^ oec^n i^ 
various plpv^ti^ns ^liova the height of the river Avcm^ fyofft 
ISO to 160 ft. The quaUties of the water r.^sed frpjn ih^ 
several w^ls v^ ^cording to the h^ds of limestones, 
fsl^s, na^j'Ui, ewisj &c., ia which thay ^^ fowned. I» tb§ 
pluvial ground, 04 the i:ig)it bank of the river and lowe? 
p^krts pf tha town, tr^e^ are spmetimes m§t y»'Uf^ in gr^$ 
abundaQ^^. These lie hene^th an alluvial red loan^, al^o^t 
8 ft. thick, restipg o^ gravel of about the san^ thiclfness^ 
^d thi^ uppn li^s cl^y. The water where these trees ar§ 
fpimd is abundant, bi^t never good. Some of the is^ells }x\ 
the lias lUrpi^H tolerable w^r, but there are px^p^gs of 
sinkings in it to a depth of 200 ft., from which no wj^ter 
bas been pbtained. The sepUons of inany wells sunk ii^ 
th^ neigbbpurhood pf Bath §how that the water is retained 
among the various beds of clays at gr<eat depths beneath 
the (jrreat and Inferipr Oolites, and produce^ springs by 
propping out on thft sides pf the hills. 

301. While the topographical and geological character 
of tl^e site of the towii, ai^d of tbfi soil ^d sub-strata on 
yirhich it stands, sir^ the admitted guides as to the spurp^ 
Cix sourops from whiph the town (ngy be supplied with an 
adequate quantify of water of average goodness of quality, 
the pritprion pf quality as measured by relative har4H^ 
must be allowed a prevftiling consideration. Eiver waters, 
rendered impure chiefly by orgspaic, ^i^aaj, and vegetable 
matters, are susceptible of improvement by mpthods of 
filtration ; wherein watpi^ derived directly frpm drainag^ Of 
internal springs are compars^tively pure in these respects, 
but^ on the other hand, are pharged in various degrees with 
p^'thy and miners matters, which ^t once rendpr them Jess 
fitted for dqpaestic purposes, ^rnd far Jess readily susceptible 
of purifipation. The economical results of the qualities of 
the water supplied tp towns hav^ b^en adyertpd to at ^m# 
length in the first Part of the Rudimentary Treatisp m 
Drainage. (Paragr^hs 57, ^8, and 59.) 

802j I;| cojipluding thesp r#n|^ks pft ^' qn^Hm ^ 



,y Google 



CHATJLUf. 87 

waters frona yaripiis sources ^ i^ubjeets fpr coiisideratloi} in 
estin^i^tipg th.eir cpipp^u-ative yalue^ we may i}seful|y refer 
tp the cpnfirmAtory ^vi4epce supplied by Qualyseg jna^Q 
iji^der th^ di^^^UP^ of the Siiperintpndipg fnsippptQrg ^(^ 
tjie General Bo^rd of Health, of the waters ^.vailable \n tJi^ 
sey,eral towp§ of Qh^ibaqi, Uxbrjdge, Croy4pp, a»d Parlj- 
ford, reported upon ty Mr. Ka^igey. ^hg an^yge§ Y{^1^^ 
ipade by D^ . Jjyoj^ VHjf^U^- 

303, f Jie -jvater npw pse(i in Ch^-thwn i§ pbtaiji<8d prin- 
cipally fropi s}nfaGp .drainage frpnj the upper cbqlk, but it 
varies greatly in the degrees pf h^rcjppss. Adpptipg, ^s \^ 
pregfuflfied, th© hmi^ measure pf Ji^f dpess ^s tji^tt usefl by 
pr- Cl^rk, ^d explained in Part I. (68), ^\ig l^q^dnesg of 
the surfapjS w^-ter from nipe places of collection ywed f«ppi 
17° tp 66°, the Q-veragP of the liuie being ^7°, -j^rjijle th^ei 
water pf tlie B-iver ]VIedwQ,y has only 5^° pf ba^rdnes^. TJii^; 
w^ter, j^Qwever, co»t.^ins q, largp quantity of ii yejlow 4©: 
posit J apd, coipp^ing tjie qualities of aU thp waters, tb9 
Inspectpr rppommended that the supply should he taken, 
from the Ppxley Abbey Spripg, of which t]^eb§.r4pesj^ 
stands at 17°- TW^ spriog is ftbout 5 miles from the tow«, 
and the situation bping* backed by ^ley^ted ground ^4 
considerably higher than any part to Ifp si:^plied, fs pecu* 
IjarJy ^4^ted fpr the construptiou of reservoirs and filter- 
ing beds if requked. The B-eport lead^ us to suppose that, 
the reasons for prefeiTiug tP bring water ^ distanpe of ^y^ 
miles, while that from tfee riyer i^ ^cpessible to all p^ts of 
the tpw»j is to i^voi4 tfee expeuse pf artifipiaj raising pf tb§ 
latter. Th^ yelatiyp b^dpess is, boiiyeyerj ap itpm of gfe§.tl 
momeufc and sl|puld receive fuU cpnsideration. The de- 
pi>sit remarked ip the xiver-water pccurs, theye is np dpubt, 
frp?^ earthy matters J^pld p^tly ij} Sftlutipp, whi^ii woul4 
be refi|.4ily removable by filtering. 

304, IJxb|-idge 19 »ow supplied with Wftte? from fpur 
publip pumps, from wells, and by dipping torn the J)r^ch 
of (h^ river pplne. The hardness of the water from three 
town pumps and twp pthers var|e4 frpp 86° tP ^^°» tli^ 



yGoogk 



88 UXBBIDGE.-— OBOTDON.-^DABTFORD. 

average being nearly 86°. The hardness of the water from 
one of the Artesian wells was found to be 34*^; of that from 
two others 14^' and 16* respectively. From the small 
degree of hardness in these two latter waters, we might 
conjecture some communication between these wells and 
the river Colne, the water of which has 16|^ but the 
Beport does not remark on this circumstance. The In- 
spector advised that the adequate supply for the town 
should be derived from the liver Colne, at a part which 
would be favourable for the construction of reservoirs, 
filtering beds, and other necessary works. 

305. The waters now supplied to the town of Croydon 
from springs and wells ai*e found to have an average hard- 
neS« of 25i°. That from the river Wandle has 16°-1, and 
Dr. Clark reports than an expenditure of lib. of burnt 
lime will, by his " lime-water softening process," suffice to 
purify 800 gallons of this water, reduce its hardness to 
3®*9, and eflfect a saving of curd soap required to form a 
lather with 100 gallons of the water, of 24i oz. The 
Inspector recommended the river Wandle as the most eli- 
gible source, from its contiguity to the town, the favourable 
quality of its water, and its sufficiency to afiford the means 
for a supply upon the constant system. 

306. The town of Dartford is now supplied by weUs and 
pumps, and dipping from the river Darent. The water 
from seven of these sources, excluding the river, has an 
average hardness of nearly 18°, while that from the river 
has only 13J°, and was recommended by the Inspector as 
being liie most desirable for the supply of the town. 

307. The third consideration affecting the supply of 
water for towns is the relative expense at which this supply 
can be obtained. Springs and other soin*ces of the less 
pure waters, are, doubtless, usually of more ready and eco- 
nomical adaptation than rivers. Upland streams and water- 

. courses are generally applicable to some extent for supply- 
ing the adjacent parts of the town and suburbs, but the 
higher elevations frequently involve extra cost in forcing 



,y Google 



BESEBVOIBS. 89 

water from these lower sources. With a great scarcity of 
records of the cost of works and conducting of the exist- 
ing arrangements for supplying water to towns, we are 
driven to form estimates which can only be assumed as 
approximate, but will nevertheless suffice probably to indi- 
cate the relative economy of the several methods of supply 
which may be adopted. 

308. The main items of cost of the supply of water to 
to\vns are: — 1, collecting; 3, storing; 3, filtering; and, 4, 
conveying. If the supply be derived from surface-drainage 
or springs at superior level, so that no raising is required, 
the first of these items will comprise the construction of 
open channels, aqueducts, or artificial rivers with tributary 
or catch-water drains where necessary. If the supply be 
derived from a river or other source at lower level, this 
item for collection must be understood to include the ex- 
pense of raising tlie water and delivering it to the storing 
or filtering beds, with such constiniqtions of channels or 
piping as may be necessary for that purpose. The storing 
places or impounding reservoirs for drainage waters are 
sometimes so constructed as to answer also the pui'pose of 
filtration, and thus combine in one cost the items Nos. 3 
and 3. 

309. Mr. Robert Thom, who has successfully supplied 
several towns with water collected from surface-drainage 
and natural collections or basins, considers it desirable that 
the reservou-s should be large enough to hold at least four 
months' supply of water, this being necessary to provide 
against the irregularities of supply of water obtained from 
these and similar sources. For the storing of water taken 
directly fix)m rivers and other ample sources from which an 
abundant quantity can at all times be commanded, reser- 
voirs of less capacity are sufficient, and the first cost of 
construction is therefore reduced. The catch-water drains, 
in which the water is first received, are made to communi- 
cate either directly with the main reservoirs, or by the 
medium of aqueducts. From the main reservoir the water 
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13 conyeyed by another chapnel or aqueduct intp oih^T 
reservoirs or regulating basips near to the towp, ^4 Pftpfe 
of them so situated in elevatiqu that the water frofli thei?^ 
3haU rise above the highest desired service, and pf sxmi^ 
capacity that each will contain enough for two ejitire day§' 
supply of water for thp town. 

310. If the water cannot be delivered into the rpguJating 
basins at sufficient elevation, artificial powei: will of course 
be required to raise it from the natm^al to the desire4 
Ji.eigbt. fr9m the r^g^latin^ basins it is delivered into twj^ 
or jnQV& self-cleansing filtejrs (as before described, Part I. 
parag^'^pb ^9)t apd from these into two distributing basins^ 
whence tl^e water is carried through the streets by a systpi^ 
pf piping. Tb^s the town appUances ^e prpvided i?j 
duplicate, and the object of this is to ^nq^ble pne g^t Qf 
app»r»<^s P be constantly pommanded, an4 each tg bij 
alternately cleansed pr repaired when necessary. 

311. In our fifth SectioQ of this Division yf^ shall bav^ 
tp enter jnto the detail? pf apparatus for conveying «i^d 
distributing water. Our present pm^ose is tp enumerate 
the g^nerql varieties of arrangements requirpd acco^rding tq 
Ibe source from which tlie supply is derived. 

313. The increased expense incurred in the formation 
pf Ws^ reservpirs to bold a supply for a long period, such 
^s four months, i§ certainly great, but not sp when ppm- 
pared yiiiti the first cost pf machinery f^ purr^t px, 
pense^ pf raising water tiojn rivers and sources pf low 
elpvi^tion, The upper sources of springs ^d drainage? 
wat^rs ar^i moreover, applicable in son^p paseg where tb^ 
pthers are in^ccpssible, or rendered so practically by tliQ 
great 4i8<WC0 ,and low flevation from wb^cb riyer-water 
can alone be conyeyed and raised. TPbe cost of construct: 
\^g reservpirs ipay be estimated at about tbree-pence per 
cube yard on an average, if no extraordiuary diffipulties pr 
expensive worj^s are required. With reference to reservoirs 
^ proportioned in capacity to the nun^ber of bosses or 
W1P§9^ supplied, the follpwing particulars n^ay ^ ^jsefiUly 
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cite<J, ^'^fej^mg to iJfxe operations in seven of the l^ge towp^ 
'm fiq^ipg^bire, ^ repprted upon ])j Dr. Lyon Playfajr :— r 







Vumbet 

of Houses 
in Towii 

in im. 


Number 
of Houses 
9t Tmmts 
^uppUed. 


Gapapity 
of Reservoir 
in Gallons.^ 


Height of Surface 

of WaterinRoser- 

ypirs §l?pve 




Tpjyn. 


Loyest 
Parts of 
76wn. 


Manchester 
Salfocd . . 

B^ry . . 
Ashton . ^. 

Itoplwiiae '. 




57,2^8 

9,984 
5,260 
4,700 

8,220 


30,000 

5,02^ 
Si,980 
4,000 
2,80Q 

^,620 


2,000,006 

1 249,8^0,000 

60,--- -00 

4, 50 

100, 30 

22, 53 

85,000,000 


Fe^t. 



36 

50 

200 

6 
30 


Feet 
156 
109 
160 
130 
UQQ 

300 



The pp,p3,city an4 expense pf j-pseryqifs for drainage qy 
§urfqjcj$-pollpcte(i ^ater will of cpiirse te- regulated witji ^ 
view ftot pnlj to tN wants pf ihe population, on the one 
haud, but alsQ with refereupe to the exteut pf surface to 
•J)e drained, apd probable (ju^^tity which will thus accu- 
lauUto. Frpm some ptatppaeuts giypn in tjie Jleport by 
Mf. tjomer^bam, befp^p quotpd ff pfl^, t^p pi^y present tbp 
^Uow}pg figprjBS :— 



Names and Situation of Reservinrs. 


Contents 

of ' 

Re!kervq|rs. 


Area of 
Dhilnage 
Ground. 


Per Acre 

ot 

Area. 


Tartqn and Bntwisae BeMryok, 14 

mil^ Jf .W. of JC»nch^stQF . , . 
SelmoDt Reservoir, l4 milpjg ^.W. 

of Manchester . .' 

Bolton W*tfirwoi*i ^^yyoif, 4 

n\Hp8 W. of Bolton 

Ashton Waterworks Eeservoir, IJ 

mile N.5. of Ashton .... 
8h#%14 Wi^terj^fprkf- 

Eedmires Reservoir 

¥»v dp, ^. ^ . . ^ . 


Cubic feet. 

78,000,000 
22,471,910 
14,43i897 

80,000,000 
2?,QQ(),()aP 


Acres. 

20^6 

WQ 

595 

Bn 

9U 


Cubic feet. 

48,430 
37,767 

mm 

82,894 
¥otal. 
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The aqueducts for passing a supply of 20 gallons per diem 
for each individual of a population of 600,000 may be esti- 
mated at from 400^ to 600Z. per mile, according to the 
ruggedness of the ground and other items of expense. 
The cost of filters upon the self-cleansing principle will 
average firom 6000Z. to 8000^. to supply the same quantity. 
That constructed by Mr. Thorn at Paisley, which produces 
regularly every 24 hours a quantity equal to 106,632 cubic 
feet of pure water, cost about 600/., and he estimates that 
the expense of a filter " to give a supply of water of the 
best qusXity for family purposes, to a town of 50,000 inhabit- 
ants, may be safely taken at 800/." This supply, however, 
allows only 13 gallons to each individual. We prefer 
allowuig a minimum of 20 gallons, as already estimated. 
Adopting the facts stated by Mr. Thom, as experienced in 
supplying four towns in Scotland, viz., Greenock, Paisley, 
Ayr, and Campbelltown, which are seiTcd by his system, 
but allowing the greater quantity stated, to each individual, 
and assuming the cost to increase in the same proportion, 
we find that the average annual expense per person will 
amoimt to no more that eight-pence, that is, for a regular 
daily supply of 20 gallons of good spring-water throughout 
the year. This expense includes wear and tear of appara- 
tus, charge for superintendence, &c., and 6 per cent, per 
annum upon the capital employed. In the towns here re- 
feiTed to there is such declivity that allows of high reser- 
voirs and constant high service to the buildings without 
any expenditure for power. Mr. Thom states that the cost 
for apparatus for the smallest of these towns, Campbell- 
town, of 7000 inhabitants, amounted to about 2600/. ; or 
say 3800/., being about 10*86 shillings to provide for the 
daily allowance per individual of 20 gallons instead of 13 
gallons. 

313. At Nottingham, about 8000 houses, or 35,000 inha- 
bitants, are supplied with water raised from the river Trent 
by a Waterworks Company. The actual supply is found to 
amount daily to . between 80 and 90 gallons per house on 
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an average, including breweries, dye-works, steam-engines, 
inns, and other places of large consumption. The levels 
of different parts of the town vary, perhaps, 80 ft., and the 
water pumped up from the river is raised above the town, 
so that an average pressure of 80 ft. is maintained, the 
greatest pressure being about 120 ft. The water is drawn 
from the river into a reservoir formed on its banks, and ex- 
cavated in a stratum of clean gravel and sand, through 
which the water percolates to a distance of 150 ft. from the 
river. Besides the filtration which thus naturally occurs, 
the water is still further clarified by passing through a tun* 
nel 4 ft. in diameter, which is laid through a similar stratum 
for a considerable distance up the adjacent lands, and con- 
structed of bricks, without mortar or cement The expen- 
diture for the supply of these 8000 houses amounts to about 
SO^OOOL, and the average annual charge per house is about 
7«. 6c/,, the water being supplied at any level required, even 
into the attics of four- or five- story buildings. The average 
daily allowance to each individual supplied is here equal to 
about 20 gallons ; and reducing the total expenditure and 
the annual charge per house to an original cost and current 
expense per individual, as we have done in reference to the 
fom: towns supplied by reservoirs and aqueducts from sm*- 
face collections and higher springs, we shall find the two 
items stand thus: — original cost per individual, 17-14 shil- 
lings ; current expense per individual per annum, including 
per centage on capital, &c.. Is. Sd. The comparative state- 
ment for the four Scotch towns and for Nottingham will, 
therefore, be this per head of the population supplied :— 



Original Cunent 
(ost of appa- annual 
ratuB, AC. expense. 



ppa- annual 

Bc. expeoa 

Scotch to\vni supplied with drainage' and t, d, 

apnng-ioaier 10*85 8 

Nottingham supplied with rivet'-water • 17*14 20 

The qualities of the waters, their comparative hardness, &c., 
should be fully known and duly estimated as items in the 
relative economy of the two sources. 
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814. For the supplj of sortie totms it will be found de- 
ftii*able to combine the two sources, namely, a river — and 
springs, or perhaps tippei* streams, which, flowing from 
lands much higher than the general level of the river, pre- 
serve a greater elevation, and may thus be applied to fur- 
bish the higher parts of the town, and effect a judicious 
economy bt ilrtificidl poW^r in iidsing the required quan- 
tity. 

&16. I'hfe ^xpeiise of ][)ublic Altering of water has already 
beeil stated, l?aft I., p. 65 and 67, as varying from about 
SOOO to flOOO gflUoiiS per penny. An average mte of 6000 
gallons may be safely assurtied as the quantity which can 
be filtered at ftn expense of one penny. The annual ex- 
pense of filtering the supply for each individual of the 
population thus appears to average only 1-2 penny. Tbis 
ealculdtion is quite conclusive as to the superior economy 
of public over private filtei-ihg, since ho separate house 
Apparatus fbr this purpose can possibly be maintained ia. 
Irorkbi^ order at this insignificant rate of expense. 

916. The public filtering of water, before distributing it 
int6 the mains and service pipes by which the streets and 
buildings of a town are supplied, is, however, palpably in- 
sufficient to secure purity in the water as used by the inha- 
bitants, if the quatitity for each house be received and 
stored in a separate tank or cisterti, which is seldom or 
deter etnptied or cleansed. In these receptacles the minute 
impurities brought in with each day's supply accumulate 
into a mass of growing foulness, stirred up by the daily 
delivery, ahd undergoing constant decomposition, and thus 
contaminating the entke contents of the cistern and every 
pint of water which is drawn from it. This consideration, 
which may be confirmed by volumes of evidence, but is too 
palpable to require proof, leads to the desirability of dis- 
pensing with these separate household accumtdations of' 
watei', by providing a Constant supply in the mains and 
service pipes, so that any required quantity may be at all 
times instantly commanded. The supply rendered by the 
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fcent Waterworits Company to tbe toWn 6f Nottiiigliam, 
and before referred to, is maintained upoH this principle, 
the several advantages of which have been pointed Ottt by 
the engineer to the works, Mr. Hawkesley, fttid since 
adopted as a general nile in the recommehdatioliS at the 
Superintending Inspectors to the Geiieral Bodtd of tiealth. 
Sit. I'he superiority of the constant service principle of 
flie supply of* water to towns over the oecasiofial of ititef-^ 
mittent principle is not greater in th^ comparative purity of 
the water thus obtained for the current use of the perSdiiS 
supplied than it is in the economy of th6 Supplj^. Wid 
first cost of cisterns or tanks, with all the expensive afid lH- 
eficient paraphernalia of fcall-cocks, waste-pipeS, kt., ^d., 
is entirely obviated by keeping the mains, service and Com- 
munication pipes always charged. It is well known that 
the due care and cleansing of the hdiise-receptaclfes jTol* 
water, whether tanks, cisterns, or biitts, are greatly iiegledted, 
especially among those classes wtd are actively fend inces- 
santly engaged in thek business or daily labours^ stiid whd 
are equally imable to command the services of others fot 
fiuch purposes. These receptacles are ofteii imperfectly 
constructed and covered, open to the entrance of sdot, diist, 
and dirt of all kinds, frequently exposed to the adtioh bf 
the sun, and neglected when repairs become indiSpeilgable. 
If these separate and inefficient means are Superseded by 
keeping the water-pipes constantly charged, one lai-ge reser- 
voir suffices for a whole town, or extended section of one, , 
and this one reservoir may be so devised, constructed, and 
inanaged, that the combined supply shall be always main- 
tained and delivered in the best possible condition, ^e 
economy of the system here advocated arises in riiahy 
ways. The spaces occupied by the house-tanks ate! saved, 
and the damp which always arises from the evaporation of 
bodies of water is avoided, besides preventing accidents, 
leakage, and tte occasional inconvenience of finding the 
cistern empty, or its contents reduced to a few inches in 
depth of foul mud. Another source of economy is the re- 
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duction in the sizes of main and service-pipes required, as 
the delivery is distributed over a longer period than by the 
intermittent supply, which limits the actual delivery for 
present and prospective purposes to a few hours, or some 
still shorter extent of time. Added to this diminution in 
the sizes of pipes permitted by the constant supply is the 
fact of their non-liability to be burst by the sudden gush of 
water which compresses the air within the pipes with a 
force which the strength even of iron cannot resist. The 
alternate absence and presence of water within them, more- 
over, hastens their corrosion, as it has been found that 
much oxide of iron accumulates in them under these cir- 
cumstances. And beyond these advantages, the constant 
supply system possesses the further one of immense eco- 
nomy in management It is found at Nottingham that one 
experienced man and one lad are sufficient to manage the 
distribution of the supply to about 8000 tenements, and 
keep all the distributory works, including cocks, main and 
service-pipes, &c., in perfect repair. Under the intermit- 
tent supply system, a numerous staff of assistants would 
be required to discharge similar duties. 

318. The "Commissioners of Enquiry into the state of 
large Towns" have quoted a statement to the following 
effect : — That tlie expense of machinery or capital invested 
in the aiTangements for supplying the metropolis with 
water, exclusive of the communication pipes to the houses, 
the tenants* water-butts, tanks, &c., amounts to 3,310,342/., 
or about M, per individual supplied; that the annual in- 
come is 276,243/., and the expenditure 133,724/., leaving a 
balance which is equal to an average dividend of 4 per 
cent. The income from each individual supplied would 
thus appear to be somewhere about 5s. annually. Now, 
the metropolis is supplied mainly from the river Thames, 
the river Lea, and the New Kiver, from a spring at AmweU. 
In the year 1843, the entire supply was furnished by nine 
companies, the names of which, and the sources of their 
water, were as follows : — 
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»T 



Compuiies. 




Sources of Water. 


Chelsea . . . . 


. Biver Thames. . 


West Middlesex . 


. Do. 


do. 


Grand Junction . 


. . Do. 


do. 


Southwark . , 


. Do. 


do. 


Lambeth . . . 


. Do. 


do. 


Vauxhall . . . . 


. Do. 


do. 


East London . . , 


. Biver Lea. 


New River . . . 


. Amwell and Biver Lea 


Hampstead • . . 


. Springs on Hampstead Hill 



The cost of construction for the water-supply at Notting- 
ham, as already stated (paragraph 313), is between 17a. and 
ISs., and the expense attendUmt on the supply of water and 
management of the works amounts to about 44 per cent, 
on the income, which will be foimd somewhat less than the 
proportion of the like expense in London. The expenses 
both of formation of works and of current supply are evi* 
dently controlled to a considerable extent by the natural 
facilities for the former, and by the distance from which 
the water has to be conveyed and the height necessary to 
raise it. The expense to individuals must, of course, be 
also liable to be affected by the proximity, or otherwise, of 
the several tenants to be supplied. 

319. Another principle to be observed in conjimction 
with that of constant service of water is, that it shall be 
delivered from such an elevation, or with such a pressure, 
that the service may take place at least $20 ft. higher than 
the* tops of the highest houses to be supplied. " The vast 
ultimate economy and value of this provision are cheaply 
bought by the additional expense involved in the works, 
and current cost for making it. The experience of the 
Trent Water Company in supplying the town of Nottmg- 
ham from the river Trent has shown that the expense of 
raising and deUvering the water 50 ft. higher than at pre- 
sent would amoimt to only 5 or 6 per cent, additional upon 
the present cost. On the other hand, the advantages of this 
hi^ service are too great to be easily calculable, saving, as 
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it does, all the expenses of force-pumps or other separate 
apparatus for raising the water from the lower floors, and 
aflfording means of supplying baths 'and other accessories 
of cleanliness, health, and" comfort, to all parts of each 
house without restriction, labour, or cost. The total ex- 
penses of supplying water in the town referred to, with all 
the benefits of constant and high service, including wear 
and teai' of engines, interest on capital for machinery and 
distributing pipes, expenses of management, &c., amount 
to 3-88 pence per thousand gallons. 

820. The value of constant and high service of water to 
towns is strikingly important in its application for the ex- 
tinction of fires, and for the occasional washing of streets, 
and cooling them by jets of water in waitn seasons and 
times of drought The bearing of these purposes upon 
the preservation of life and propeiiy, and the promotion of 
health and comfort, is too evident to need much illustra* 
tion, altliough the details of the arrangements will claim, 
on account of their extended utility, some notice in our 
fifth. section, which will be devoted to a brief account of 
all the essential apparatus for carrying these principles into 
Ipractice. 

321. Finally, let us recount the leading objects to be 
kept in view in the supplying of water to towns: — First, 
Uiat the supply shall be ample in quaniUy for all the pur* 
poses of personal and domestic cleansing ; for the public 
purposes of supplying baths, fountain6> and gardens ; for 
the extinction of fires, the thorough cleansing of streets 
and thoroughfares, and the occasional cooling of them in 
dry seasons, and for all such manufacturing purposes as 
may be required or permitted within towns. 

Secondly y that this abundant supply should be procured 
of the best possible quality for the several uses to be made 
of it. That, if several sources are available at various rates 
of expensiveness, the economy of any one of them as com- 
pared with another, or others, is to be duly estimated, with 
a governing reference, to the quality of the water no de« 
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rivftble; and fhat thd question of adopting an inferior 
Water shall be affirmed only in cases where the expense of 
the better quality amounts to a practical impossibility. 
That, besides the always recognised impiu'ities of an animal 
and vegetable character, and those held in mechanical sus- 
pension only, with which some waters are usually adul- 
terated* there are others of a soluble nature, which are 
consequently commonly imperceptible except to chemical 
analysis, but the presence of which deteriorates the quality 
of water in a high degree, and occasions a necessity for 
chemical processes to pm-ify it, mere filtering being utterly 
inoperative for the purpose. That, generally, these soluble 
matters are found in spring- and drainage-waters in far 
larger proportion than in river-waters, which are more sus- 
ceptible of being purified by a process of self-filtration, 
and are, therefore, commonly preferable for most purposes 
to waters of the former character. That the expense of 
raising river-water by steam-pumping is really very small, 
and unworthy of consideration, although often regarded as 
a weighty argument in favoiu* of seeking the required sup- 
ply from districts of land from which the water descends by 
gravity, without artificial aid. 

And, thirdly, that the complete utility and greatest ulti- 
mate economy of the supply of water to towns can be 
realised only by a service of it which is constant in duration, 
and sufficiently high to discharge over the highest buildmgs 
in the town. 



SECTION III. 



Width and Direction of Eoads and Streets.— Sabstruotore and SurfiMe,^ 
Paring and Street Cleansing. 

333. The drainage and cleansing of the roads, streets, 
and l^oroughfares of a town are acknowledged to be public 
purposes of the highest utility. The facility of effecting 
these purposes is dependent upon the several circumstances 
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of the dimensions and situation, and the sub- and super- 
structure of the thoroughfare. The width of the streets is 
influential in admitting or preventing the access of air and 
winds, by which the wholesomeness of their condition is 
largely affected; and also in rendering the process of 
cleansing by hand or other labour easy or difficult. The 
direction of roads and streets — verticidly in their relative 
levels and inclinations, and, laterally, in their coincidence 
with or opposition to the courses of the prevalent winds — 
is a condition of great importance in affecting the facility 
and economy of the processes of drainage and cleansing. 
And the relative dampness and dryness and quantity of 
debris produced upon any public thoroughfare are mainly 
attributable tb its construction in the subsoil, and superfi* 
cial formation. 

823. Courts and narrow passages, such as abound in 
most towns — ^relics of public ignorance and private cupidity, 
destined to be destroyed in the progress of enlightened 
sanatoiy reformation — ^limited. in width and bounded by 
elevated buildings, never receive their due share of light, 
air, or water, and thus present the greatest combination of 
difficulties to the vital processes of drainage and cleansing 
And these purposes can never be economically and effi- 
ciently fulfilled until a minimum of width and a maximum 
of height of buildings are recognised as the elements of 
street proportion. The recorded and repeated evidence on 
this point is more than enough to establish the general 
principle, although the precision of the details requires ob- 
servations of a more exact nature than have yet been made 
It is- ceitain, however, that no street should be less in width 
than the height of the buildings on either -side of it — that 
is, that the angle formed by the transverse surface of the 
street, with a line from its extremity on one side to the 
summit of the buildings on the other, should never exceed 
45°. And in proportion as this angle can be reduced will 
be the facility afforded for the desirable operation of the 
air and of such rain as may fall 
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324. Provided this principle, be strictly observed, the 
comparative declivity of the surface will become of minor 
importance. Certainly, the greater the declivity the more 
rapid and effective will be the action of rains in cleansing 
and washing down the debris upon the surface of the 
street ; but it should be the peculiar province of the sub- 
terranean sewers constructed beneath, to compensate for the 
relative flatness of the surface, by affording a channel of 
artificial declivity, that shall at all times free the surface 
from these matters as quickly and effectually as possible. 

825. Connected with the subject of road drainage as ap- 
plicable in the suburban parts of a town, the necessity of 
providing covered drains cannot be too rigorously enforced. 
Open road ditches are known to become receptacles for 
filth and refuse matters of various kinds, and the trouble 
and expense of cleansing and keeping them in repair, in- 
volving a constant making-up of the banks and clearing of 
the beds, are commonly evaded* by a total neglect, which 
leads to a stoppage of the channels and a constant expo- 
sure of decomposing matters, both offensive to the senses 
and injurious to health. These roadside ditches are fre- 
quently,' moreover, adopted as the only available channels 
for dispersing the sewage of the suburban buildings ; and 
being thus converted into open sewers with little or no 
attempt at formation, and very little care in preserving even 
their original rude form and capacity, the evils of retaining 
them are multiplied to a degree actually dangerous to the 
health of the inhabitants and of passengers. 

326. Added to the inefficiency of open road drains or 
ditches is the waste of surface which they involve. Pedes- 
trians in the suburbs of towns know well that of a narrow 
rcjfui nearly one-half the width is frequently occupied by a 
wide and sluggish ditch, and that, in the absence of any 
raised foot-path, they are frequently driven to a dangerous 
proximity to its foulness in order to escape, destruction by 
the heedless and perhaps drunken drivers of vehicles. If 
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these ditches were covered and converted into active sewers 
hy the use of pipe-tiles, of comparatively small and yet 
ample dimensions, space would be afiforded for the forma- 
tion of convenient footpaths on which a walk would become 
a luxury instead of being a task of danger and annoyance. 
Those who have "picked their way" along the unpave- 
mented strados of Borne, and contrasted them with the 
easy security of some of the similarly narrow streets of our 
own metropolis, will readily appreciate the value of the 
change which might be thus cheaply effected in our sub* 
urban roadways, 

8/^7. The quantity of surface wasted by the open road 
ditches, and the corresponding area thus exposed for tti# 
evaporation of stagnant moisture, may be readily calcur 
lated from the dimensions of the ditch. It may be safely 
assumed that for each mile of road, at least half an acre of 
surface is thus, on an average, misapplied* 

828. The position of the mam a$wen of a town being 
beneath and in the same direction as its streets, t>m$ 
afford the proper ehann^h for dUcJuxr^ftng the wasU waUsr mid 
qU other matterafrom the suxfac$ of the streets. This doctrine 
is liable to be challenged by all those practical economista 
who contend that street debris is so injurious in its admix* 
ture with the excrementitious matters flowing from a town, 
that it should be scrupulously kept separate, and period-* 
ically removed by hand and horse labour above ground* 
But if we take into the account, on one hand, the small pro* 
portion which jthe solid part of this debris bears to the 
total of solid and liquid excrements, house refuse, street 
drainage, waters, &c., which are universally allowed to ba 
the proper subjects of sewer discharge, and, on the otbert 
form a due estimate of the inconvenience, e^^pensoi imd 
disgusting annoyance of removing this street refuse by 
any expedient above ground, the result of the caleulatioQ 
will lead, we think, irresistibly to the conviction that th^ 
whole of these matters should be by the readiest possible 
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iDetbods delivered into the eewerB, and by &em ooQTeyed 
At oooQ to receptacles suitable for their ooUection and 
treatment. 

929. The exact proportion between the solid street refuse 
and the total of house-sewage and street-drainage (which 
may be supposed to find its way unavoidable into the 
sewers) is difficult to determine with any certainty ap- 
proaching to escactness, but an approximate estimate may 
be formed fmm such materials as we can command. The 
exerementitioua matters produced by each individual are 
generally considered to amount to an annual quantity equal 
to one ton in weight, and the other matters which are com- 
prised in the total of house-sewage and street^drainage, 
may be supposed equal to a similar quantity. We have 
thus a total equal to two tons annually per head of the po- 
pulation. Now, in the township of Manchester, of which 
the population in 1841 was 164,000, the number of yards 
of street-surface swept in the same year was 21,500,000, 
and the number of loads of these sweepings removed 
equalled 26,039, each of which is equal to a weight of one 
ton. Assuming the proportion between the population and 
8tree^8urface of this township to be a fair average for most 
towns, we have thus a total of house^sewage and street^ 
drainage equal to 164.000 x 2 =« 328,000 tons, and a total 
of street*sweeping8 equal to 25,029 tons, being /^th of the 
former, or less than 7*7 per cent. This rough calculation 
trill be quite sufficient to show the small proportion ii^ 
which the manuring value of the sewage is liable to be 
injured by the admixture with it of the street debris in the 
oommon receptacles or sewers, and the consequent inadvi* 
aability of engaging in the expensive operations of carting 
and removing this debris by« any combination of humai^ 
and animal labour, 

330. Arrangements for the purpose of discharging ih^ 
street sutfbce^ainage into any contiguous river or other 
watcroourse, instead of allowing it to mingle with th^. 
sewaga in the receiving wells or receptacles to ^hich tbeyi 
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are both conducted by the sewers, may, if thought neces- 
sary, be provided as accessoiy apparatus in connection with 
the wells, although it is highly probable that the growth of 
our experience on this subject will develop preferable me- 
thods of treating and disposing of these matters by subsi- 
dence and chemical processes. 

881. The amount of street debris, or the quantily remo- 
vable from any extent of surface, is found to vary most ma- 
terially, according to the structure of the street or roadway. 
Thus, roads formed of broken granite or other similar mar 
teiials are rapidly destroyed by the action of wet, which 
loosens the superficial coating of the road, and passes into 
the body of the materials ; the finer particles also become 
washed upon the surface, and act as sand in grinding 
it down, by the action of the wheels upon it. Paving 
formed witii stones of irregular shapes and sizes is also 
productive of a large quantity of debris, although less than 
the unpaved surfaces just referred to ; upon this inferior 
class^of paving, water acts destructively by washing up the 
soil and dirt between the stones, by which they become 
loosened, 'while a great proportion of these interposed ma- 
terials have to be removed as they appear upon the surface 
in the form of mud. Pitch-paving formed with squared 
blocks of granite, whin, or other stone of equal hardness 
and durability set in lime grouting upon a substantial 
foundation of concrete to 18 in. in thickness, according 
to the nature of the sub-stratum, forms the most permanent 
construction for the carriage-ways of streets and thorough- 
fares, and affords a correspondingly small proportion of 
materials to be removed firom the surface, in order to pre- 
serve its cleanliness. Wood-paving yields the minimum of 
debris, and its economy, as a subject for the labours of the 
scavenger, at any rate, is thus veiy great, as compared even 
with the most perfect form of stone-paving. 

882. By making the sewers thus directiy available for one 
of their proper purposes, that of receiving the waste mat- 
ters fix>m the streets and thoroughfares, the operation of 
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fiireet-cleansing is reduced to mere sweeping of these mat- 
ters to the side chamiels» which should be constructed so as 
to afford a ready passage for them to the sewers beneath. 
The economy thus obtained by dispensing with the ndsing 
and carting to distances sometimes extended may be inferred 
from the fact, that the average expense of sweeping and 
carting away the refuse of 1000 square yards (in Manches- 
ter) in 1843 was 4«. 6d. This was performed by the ordi- 
nary hand labourers or sweepers. In London, at the same 
date, the mere sweeping up of the refuse from the surface of 
Hegent Street, and depositing it in the street in loads for 
another process of removal, was charged at the rate of 
1«. M, per 1000 square yards, as executed by Whitworth's 
patent machine. The mere sweeping may be liberally esti- 
mated to cost Od. for the same extent of surface, and 
thus iths of the entire expense of street-cleansing might 
be avoided by adopting the sewers for the purpose sug- 
gested. 

333. Although we advocate the abandonment of all appa- 
ratus for carting and removing street-refuse, it may be use- 
ful to describe briefly the " Patent Street-Cleansing Ma-, 
chine," invented by Mr. Joseph Whitworth, which has been 
applied to a considerable extent in Manchester and else- 
where, and been considered a very promising contrivance. 
This will be best done by quoting the inventor's own 
description of his machine, as rendered in evidence before 
the " Commissioners of Inquiry into the State of Large 
Towns and Populous Districts," in 1843. " The principle 
of the invention consists in employing the rotary motion of 
wheels moved by horse or other power, to raise the loose soil 
from the surface of the ground, and deposit it in a vehicle 
attached. The apparatus for this purpose consists of a 
senes of brooms suspended from a light frame of wrought 
iron, hung behind a common cart, the body of which is 
placed near the ground for greater facility in loading. As 
the cart-wheels revolve, the brooms successively sweep the 
surface of the ground, and carry the soil up an incloDid 

F 8 
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cr oamer-plate, at the top of whicb it falls into tba body of 
ib9 cart The apparatus is extremely simple in construe- 
lion, and has no tendency to get out of order, nor is it 
liable to material injury from accident An indicator, 
attached to the sweeping apparatus, shows the ei^tent of 
surface swept during the day, and acta as a useful check oa 
the driver. It also affords the opportunity of working tha 
machine over a givw quantity of surface. The average 
rate of effectual scavengering by hand in Manchester, takea 
for a whole year, is from 1000 to 1600 square yards of sm^ 
faee daily for each scavenger. The manner of sweeping ia 
different in I/ondon, and therefore an apparently larger 
amount of work is done, but not so effectuiUly, When th^ 
machine is in operation, the horse going only d| miles per 
hour, it sweeps during that time 4000 square yards ; thua 
performing in a quarter of an hour nearly the day's work 
of one man. The average amount of surface which can 
be swept by a machine during the day depends upon iha 
distance of the places of deposit In Manchester we have 
seven places of deposit and the average number of yarda 
swept daily, by a machine drawn by one horse, is from 
ie,000 to «i,000/' 



SECTION lY. 

Main Sewers; Proportions aod Dimentiooi, Inclination*, Forou, and Cqii- 
•traction.— Upper and Lower Connections.— Mean» of Acoeaf and Ckftn«» 
. ing. — Adaptation for Strcet-clean«ing, &c. 

834. In drainage, as in many other subjects, oontroversfy 
has frequently been found to be excited upon those very 
details of the art whicb appear to be the most simple and 
the most readily deducible from observation, while liie 
proper ground for discussion, in which it is really urgently 
ijic^ded, in order to determme general principles and marie 
^% leading rules, has been left nearly or quite unoccupied* ' 
Tbua tha forms, si^es, and thicknesses of sewors hay« ro*. 
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jBttTed iUti/^ most elaborate inyestigatioii, and provoked thf 
expression of the most widely-differing opinions ; while th^ 
principles of arraogement aoeording to which the entire 
aystem should be laid out, and the great questions of the 
most healthful and economical disposal of the refuse of towns 
hare, till lately, remained unsought and unasked. Misled 
by an instinotive adoption of the works of our forefathers; 
we have been content to build our sewers in old channels^ 
and to put patch upon patch -«-add length to length of slugi» 
gish sewer or practical cesspool, in order to maintain ant 
oient outfalls, while the subsidiary details of form and 
capacity have become the vexed questions and grounds of 
issue among the most practised advisei^s. ; 

. 385. Not that the attention given to the details, and the 
negleot inflicted upon the general principles are here oonr 
trasted for the piirpose of denying the importance of the 
former, but that, had the principles been iirst determined^ 
the details would be foimd readily deducible from them in 
a manner and with a certitude admitting little dispute 09 
discussion. 

830. We have already, in the first section of this Din« 
sion, shown the general principles upon which the drainage 
of towns should be arranged with reference to the inclina# 
tions of surface, and the means of discharging and dispos* 
ing of the sewage. From these principles it immediately 
follows that the proper functions of sewers are twofold, and 
twofold anly^ viz., the conveyance and collection of house* 
drainage and of street-drainage. In the former are to be 
included the drainings of roofs of buildings and of yards* 
as other spaces attached to them. In these two purposes 
is thus comprised the superficial drainage of each entire 
town. Any attempt to add to this the dramage of the sub* 
formation is a mistaken and a supererogatory aim. This 
position will be denied by those who advocate the untUf^ 
drair^age of London as one of the pui^poses of its sewerage^ 
Lf t us andaavour to understand the praotieal value of this 
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purpose, and ihenoe deduce the infinitely small amount 
that would be mis-spent in any attempt to realise it. If 
the proper functions of sewers be eflfectnallj discharged, 
viz., the conyeyance away from a town of all die rain-water 
that falls upon its surface, and of all the solid and liquid 
xefose produced in streets and buildings, what will be the 
amount of submoisture which it can be necessary or de- 
sirable to abstract in the form of land-drainage? The 
entire surface being miuntained constantly dry, the only 
sources from which under-water can arise will be springs 
or water-bearing strata beneath, and wherever these may 
show themselves, they can be turned to good account, and 
the water they yield converted to useful purposes, without 
making expensive provision for their dndnage beneath. 
Whatever relation the site of a town may have to the sur- 
rounding countiy, that is to say, whether the town be above 
or below the lands around, or be on a similar level, none of 
the drainage-water from these lands should be permitted to 
enter the town or to mingle with the soil beneath it This 
is to be effected by constructing around the town a system 
of encircling catdi-water drains, by which so much of the 
surrounding drainage as would otherwise find its way into 
the subsoil of the town will be intercepted and collected, 
either to be returned by suitable channels to the rivers, 
streams, and watercourses, to be made available in irriga- 
ting adjacent districts, or diverted directly from the catch- 
water drains into the main sewers of the town itself, and 
disposed of with their contents. With this auxiliaiy ar- 
rangement for preventing the access of surrounding drain- 
age to the sub-formation of the town, all necessaiy provi- 
sion for maintaining it in a diy and healthy condition will 
be completed, and no necessity can possibly arise for con- 
structing a duplicate system of sewers in order to drain 
the subsoil of the town. With all due deference to official 
experience, we venture to predict that, if ever tried, the 
f * system of permeable land-drains and sewers," as a sepa^ 
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rate addition to the " system of permeable drains for house 
and soil drainage," will be found as utterly useless in prac- 
tice as it will be expensive in construction. 

887. The proportions, dunensions, inclinations, forms, 
and construction of mam and all other sewers, are all more 
or less affected and determinable by the general system of 
dndnage adopted. We will first cull from the mass of re- 
corded experience at our command (up to the year 1848) 
some detailed particulars of modes of construction (and 
their cost), many of which have been foimd inefficient in 
fulfilling the self discharge of the sewage matters of London 
and ()ther towns in England. 

888. The experience in the city of London led the sur- 
veyor to the Commissioners of Sewers to consider that the 
form of a semicircular top and bottom, with stiuight (or 
vertical) sides, "answered all the conditions of a sewer." 
Nevertheless, many have been constructed of an oval form. 
The smallest size in a long street is 4 ft. 6 in. by 2 ft. 6 in. 
The other sizes are 5 ft. by 8 ft. ; but several are consider- 
ably larger, where much water is expected to accrue from 
the outer districts. The outiet for the main sewer at South 
Place (Finsbury) is 6 ft 6 m. by 4 ft. 6 m. The Fleet 
sewer, which drains from the south-west of Highgate, isX^fU 
6 in, by i^ft. at the mouth, and 13/^ 8 in. by lift. 7 J in, at 
tJhS city boundary; and, omng to the immense quantity of 
water flowing into it, ** this sewer has often been surcharged,^ 
The Eldon Street (Finsbuiy) sewer is 5 ft. by 8 ft. a in.; 
the London Wall sewer is 6 ft. by 4 ft, and the main trunk 
increases from 8 ft. 8 in. by 6 ft. 9 in. to 10 ft. by 8 ft. at 
its mouth. For courts and alleys the sizes are 8 ft by 2 ft. 
a in., and sometimes, according to the number of houses, 
4 ft. by a ft 4 in. The sewers 4 ft 6 in. by d ft 6 in. are 
built in brickwork 14 in. in thickness throughout Adapt* 
ing the size of the smaller drains so as to admit a man to 
pass through them, they should be at least 2 ft in width, 
and, to allow crawling through, $2 ft. 4 or 6 in. in height; to 
allow his crouching throij^h, 8 ft. 6 in.; or to stoop through. 
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4 & 6 10. The «biokae«s of brickwork of UieM Mwm 
should not be less than 9 m^ nor tiie dopth from tli« 
ground less than 12 ft. at the 8hallowo8t part, in order ta 
proyide for tho drainago of a basement atoiy aboujt T ft. 
6 ia in height Assuming d ft. in. aa the mimtnuB ^ 
height for a common sewer, and allowing SO in. of deposit 
to exist in a publio sewer before it can rise into the com- 
mon sewers, the surveyor deduced a minim u m height foi^ 
publio sewers of 4 ft S in. 

389. In the Weetmineter Division of Sewers the levd of 
the out&lls into the river varies from 10 to 16 ft below the 
level of high-water mark, and some of them have flapa< 
Some of the niain sewers have a fall of (n^ ha^f an inch to 
100 fi. The form of the sewers is that of a semiciroular 
arch at tho top, and a segmental invert with upright sidee* 
The two sises used are — ^first class, 6 ft 6 in. high and 8 ft. 
wide ; and second-class, 5 ft high and A ft 6 in. wide, . 
The three centre courses of every invert are built in 
cement and the remainder of the work in Dorking lime- 
mortar. The walls are 1^ brick in thickness, and the arch 
and invert d half-bricks, or 9 in. The cost for a sewer 3 ft, 
wide was, for the brickwork, lis. Sd, per ft, and for a aewer 
d ft. 6 in. wide, 12a. 6i. 

340. The sewers throughout the Holbom and Finsbury 
Diviviona discharge into the main sewers of the city of 
London, and have no outfalls of their own into the Thames* 
The Fleet sewer conveys the draini^e of about 4444 square 
acres of surface in those divisions, and is calculated to re* 
eaive annually from this surface about 100,000 cube, yards 
of matter held in mechanical suspension, and carried to 
the Thames by the force of such watera as flow through 
the sewer. These waters, by the e:i^eriment8 of Mr. Boe^ 
having been found to amount to about 100 times the bulk 
of the matters held in suspension by them, it fcJlowB, 
that the Fleet sewer discharges from this surfaoe about 
10,000,000 of cube yards of sewage-water and suspended 
matters iiito the river Thames annuallyi The total 
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work of this sewer compriges also tb© quantity it r^eaives 
from the surface of the city, after passing through the dis* 
trict here rof^rr^d to. A sewer (jarrjed up to Holloway, in 
this diyision, a length of nearly 3 miles, passes under 
Canonbury (liUngton) at a (Upth of QSft, from th^ surface, 
and the dminago of the housos in that part is proyid.od for 

Wl. Bawen oowtruoted on the Kingston etitata, through 
a very aoft olay, are built of an oval form, the largeat size 
baing 3 ft 6 in. high, and a ft, 6 in. wide, the radius of 
the aide ourvea about 8 ft. ; half a brick thick in cement. 
The extent of cutting was from 10 to 18 ft., and the cost 
168. per lineal foot. The fall at the rate of 80 ft in a 
quarter of a taile. 

342. The practice in some of the provinoial towns wae 
reported as follows :-— 

Lancaster, — Flag or slate bottom. Fig, *n. 

Bubblestone sides, laid in eommon 
mortar. Bough stone oovera. Mains , 
2 ft. 6 in. X 1 ft. 4 in., 6«. per lineal \ 
yard. Branch street drains, 1 ft 4 m. j 
square, 45. 6d, ditto. Yard * drains, | 
Q or 7 in. square, Qt, ditto. All found 
to be very inefficient. 

NotHngkam, — Bxiok. Gylindrioal 
sewers. Upper half built in mor- -^V- 78. 

tar. Lower half laid dry. Half« 
brick thick. Diameter from 3 ft. to 
2 ft. 6 in. Ayenge eoat Tt. per lineal 
yard. 

Birmingham and WdUaU, — 2 ft. cir- 
onlar eolverts laid 5 ft. deep. 7f . per 
lineal yard. 

CAtf9t#r.-.*Circular brick drains from 80 to 86 in. diame- 
ter. Average cost 111$, per Imeal yard. 
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Bristol— Tonr sizes 


of 


ical brick sewers. 




Ft. in. Ft. 


in 


1st. .40x8 





8nd. . 8 8 X a 


6 


3rd. . 2 8x3 





4th. . 2 X 1 


6 



ellip- 



Fig, 73. 



All 9 in. thick. 

Cylindrical drains, 1 ft. 2 in. 
in diameter intemallj, 7 in. 
thick. 

Bate of fall from 1 in 60 to 
1 m 860. 

Froine, -^ Stone and lime 
cheap and abmidant Drains or " gouts " 18 m. square, 
covered with stone to take any weight, exclusive of digging, 
$^. per lineal yard. 

Culverts % ft. square, dry walls, with rubbed stone arch, 
turned in good coal-ash mortar, exclusive of digging, 4^. %d, 
per lineal yard. 

Swansea.— OvdX drains, 3 ft. d in. x ft ft., including exca- 
vation, 10«. 6rf. per lineal yard. 

Cylindrical drains, 2 ft. diameter, including excavation, 
8«. per lineal yard. 

Brecon, —Cylindrical drains, % ft. diameter, cost %s, per 
lineal yard. 

Square drains, side walls of dry masoniy, with flat cover- 
ing stone, from 3 to 4 in. thick. 

Cost. — 12 in. 2«. 6rf. per lineal yard. 
15 in. 8s. ^d, „ 

18 in. 4a. „ 

848. The egg-shaped or oviform section used in the Hoi- 
bom and Finsbury divisions is shown in flg. 74, and the 
section commonly used in the Westminster division, up to 
the year 1848, is shown in flg. 75. The difference in ex- 
pense between sewers of these sections lias been estimated 
at 16602. per mile, upon the following data. Brickwork at 
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20». per cube yard. Excavation 1». per cube yard. Riling 
in 3d per cube yard. Carting 2^. per cube yard. Eemaking 



Fig. 74. 



Fiff. 75. 



surface 1«. 6 J. per superficial yard. Average depth of exca- 
vation, 20 ft. The quantities per mile of each sewer are 
shown in the following table ; the size of the egg-shaped 
sewer being 5 ft. 3 in. by 3 ft. 6 in., and that of the upright- 
sided sewer 5 ft. 6 in. by 3 ft. 



Briclu consumed . . . 
Cube yardi of brickwork 
Do. do. of ezcayation 



Finsbury, or 

Egff-shaped 

Sewer. 

. 024,140 

2,272 

19,555 



Westminster, or 

Upright-sided 

Sewer. 

1,878,080 

. 8,388 

25,420 



Exeettin Westmintter Sewer, permile. 



1116 cube yardi of brickwork at 20s. 
5865 „ „ excavatioii at Is, 
5865 „ „ filling-in at 8<if. . 
1116 „ „ carting at 2«. . 
880 super yards repairing at Is. 6d, 

Total . . 



£1116 

298 5 

73 6 8 

111 12 

66 

£1660 8 8 
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844. On# of th# Westmineter sewdrs, buUt in the H«^ 
row Boady according to the section, fig. 75, failed, owing, a« 



alleged, to $ome difficulties in the nature of the soil, and 
to imperfect workmanship. This was replaced by another' 
form of sewer, which is^ shown in fig. 76, in which the 
shaded parts represent brickwork in cement, the invert and 
springers being bedded in concrete as high as the 14-inch 
work, as there shown, 

345. The capacity of sewers is determined by a con- 
sideration jointly of the quantity of sewage to be conveyed 
through thdm, and of the r&te of inclination ov fall in 
their vertical position. The capacity will vary directly as 
the quantity and inversely as the fall ; sinoe the greater the 
fall the more rapid will be the discharge, It has been usual 
to prescribe another limitation as to the minimum capacity 
of sewers, viz., that they shall at least, under all chrcum- 
stances, be large enough for a man to pass along them. 
The necessity for this allowance has arisen from tie fact, 
that sewers are found to jequire cleansing by hand — that it 
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J0 Utterly impossible to remove th« accumulations which 
are liable to occur within them by any other means, and 
thus some 10,000/, has been annually expended in London 
alone in an employment of a most disgusting and danger- 
ous nature. We have no hesitation in saying, that, under a 
thoroughly efficient and practicable system, no such process 
could ever be needed, and, moreover, that if deemed desi- 
rable for any possible purpose, it would apply only to the 
principal sewers, the sixe of which would admit of it, as 
determined upon the joint data of quantity and faU alone. 
We will, therefore, dismiss this condition from the problem^ 
and study it upon the two data named* 

846. Since the quantity of sewage due to any given ex- 
tent of surface will depend mainly upon the amount of 
population to be served, it follows* that in an equalised 
^ysten^ aiming at an uniform sise for the sewers of the 
sdveral classes, the points of collection or receiving wells 
sheuld be arranged at distances varying inversely as the 
density of the population. Now, the nummum density of 
the population of London is estimated at 243,000 to a 
square mile. Let us suppose the drainage of one quarter 
of a square mile of surface, populated to this extreme de- 
^*ee of closeness, to be conveyed in tme main $€wer^ and 
endeavour to form a rough notion of the total quantity of 
sewage which this sewer should be fitted to convey and dis- 
ebarge< The entire bulk of sewage must consist chiefly of 
the house-sewage and rain-water from the surface-^at least 
the other constituentsare of too insignificant an amount to 
require notice in a merely approximate estimate. And 
similarly the entire house-sewage may be assumed as equal 
to the bulk of water deUvered to the total population. We 
have calculated, In Section II., on the supply of water 
(par. 28«S), that 1^0 gallons are, or ought to be, allowed to 
eaoh individual of the population per diem. The annual 
quantity will, therefore, be 20 x 365 os 73,Q00 gallons, or 
n.y laoo eubio feci The popul<^tion of the square quarter 
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of a mile being ?1M2?, or about 60,000, ibis number 
4 

multiplied by 1200 cubic feet for each person will produce 
72,000,000 as the annual quantity of sewage in cubic feet 
arising from this population. To this is to be added the 
bulk of the rain-water, which we wiU allow to amount to 
24 inches, or 2 ft., in depth annually over the surface, and 
that this quantity will be discharged into the sewer without 
further diminution by evaporation. The total quantity to 
be drained annually from the surface of the quarter of a 
square mile will thus amount to 2640« x 2 = 18,539,200 
cubic feet. Adding this, which we will call 18^ millions, to 
the 72 millions of house-sewage, we obtain a total of 85 1 
millions of cubic feet of sewage to be discharged per 
annum from the surface of a square mile of the most 
densely-populated part of the metropolis. If this annual 
quantity were in a state of constant transition along the 
sewer, and with equal velocity throughout, and the effect of 
friction was for the moment disregarded, the proportion to 
be passed per minute would be of course easily calculated, 
being 85,500,000 divided by 525,600 (the number of 
minutes in a year), or 162*66 cubic feet. Now a recorded fact 
will be a more useful datum for our calculation here than 
any elaborate investigation of velocities, friction, ^c. ; and 
we will, therefore, refer to the experiments of Mr. Roe, 
instituted for testing the value of the flushing system as 
applied to sewers, and which showed that the sewage 
passed through the river Fleet sewer with an average velo- 
city of 68*47 ft. per minute ; the run of water being spread 
over a surface 10 ft. in width, and the stream being only 
10 in. in \lepth, the passage every minute, therefore, was 
equal to 692*8 cube feet of sewage, and the friction in this 
case being greater than if the same sectional are^ of water 
had been accumulated in a cylindrical drain of smaller 
diameter. Tlie solid matters held in suspension by this 
water amounted to the proportion of'l in 96 of the bulk of 
water, and consisted, as all sewage usually does, of decom- 
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posed animal and vegetable matter, and detritus from 
streets and roads. At this rate of transit, it appears that a 
sectional area equal to two square feet would suffice to pass 
the entire sewage of a thickly-populated area of a square 
quarter of a mile, supposing the passage to be constant 
Bind uniform, and the fall of the sewer and fiiction of the 
sewage equal to that of the river Fleet sewer, on which the 
experiments were made. 

347. In modifying this result to provide for the difference 
between the assumed and the real nature of the transit, we 
will first admit that the bulk of the sewage, consisting of 
that flowing from the houses, is delivered into the drains 
during perhaps half the real time; that is, during Id 
instead of 24 hoxu-s. The sewers will, therefore, be required 
to discharge double the quantity estimated during each 
alternate period of twelve hours, and during the intervening 
periods of like extent to remain empty. We will, there- 
fore, double the capacity, and allow four square feet of 
transverse sectional area of main sewer for the drainage of 
the given surface. 

348. But we have another allowance to make ; we have 
the " storm waters " to provide for, about which we have 
heard so much, because occasionally, during the rainy 
month of July, a smai-t shower is observed to cover a flat 
street, or form ponds on the low side of an ill-formed road- 
way. Let us estimate the allowance required for this phe- 
nomenon, and infer the advisability of providing for it in 
the sewers. We have seen that 24 inches in depth of rain 
falling upon our selected spot will equal a total bulk of 13^ 
miUions of cubic feet. We will suppose an extraordinary 
case, viz. that some July day the whole quantity due to a 
month (2 inches) falls in 20 minutes. Then, in order to 
prevent any flooding of the thoroughfares, this quantity, 

equal to ^^^^^^*^^^ - 1,125,000 cubic feet, will have to 

be disposed of in 20 minutes. Assume that the velocity 
produced by the pressure on the water will equal 1000 ft 
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p«r mi&tite. What would bo the oapaeity of the sewer 

equal to diiohargd this rain-water as rapidly lui it falls fh>m 

the elotids? The quantity acoruing per minute being 

], 136,000 

^ sxc 66,250 cubic feet, and the velocity equal to. 

1000 cubic feet, the capacity of the sewer must be equafto 
66 J square feet of transverse sectional area. Now, wetiave 
found that an area of 4 ft. will suffice ordinarily for the 
house-sewage. Is it desirable to increase the capacity of 
our nevrer^ fourteen fold in order to provide for an occasional 
shower ? There can be no necessity to answer the query. 
Economy of the most liberal disposition would not sanc- 
tion any such arrangement. If the exact area of 4 ft. be 
doubled, in order to make ample provision for all ordinary 
contingencies, it will satisfy every reasonable requirement; 
and then, by suitable inlets to the sewer, the deluge of 
rain-waters will be- prevented from overcharging it, and the 
effects of the shower will disappear in some homr and a 
half, and before any very serious mischief can be produced 
by the water soaking into the subsoil through well-paved 
streets and yards. 

849. In proportion as the population is more extended, 
the ratio of house-sewage to surface-sewage will of course 
diminish, and idee vend; but we believe that economy and 
facility of drainage will be best promoted by limiting the 
sum of population and area to each receiving well, so that 
a transverse sectional area of 8 or 9 ft. shall suffice for the 
main sewers. 

350. In the suburban districts of a town, where compara- 
tively large surfaces exist in gardens, and where, therefore, 
the effect of allowing the "storm waters'* to gather might 
be productive of mischief by saturating the soil, the dimi- 
nished amoimt of house-sewage will tend to make the 
operation of the mains more effective in relieving the sur* 
face, besides which, natural declivities will tisually aid the 
fall of the sewers ; and provision might frequently be made 
at little cost for receiving the surface-water in auxiliary 
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wellt or recdpiAcIeg in which it could be made available for 
subsequent service in irrigation, without allowing it to bur- 
den the main sewers of the distriet 

861. Having based our calculation as to the capacity of 
main sewers upon an area of the maximiun density of popu- 
lation, we will, with the same view of providing for the 
utmost neofissities, consider the question of declivity or fall 
as to be applied to that description of natural surface which 
presents the greatest difficulties to the operation of any 
system of sewage-— a perfect or dead level. The wells or 
receptacles for the sewage being placed half a mile distant 
from one another, so that the area drained into each of 
them equals a square quarter of a mile (or each side S040 ft. 
long), half of this, or 1320 ft., may be taken as the length 
of each of the main drains. The longest of the main 
sewers thus measuring 1320 ft., the fieJl is to be computed 
with reference to this length. We have seen that metropo- 
litan sewer-practice has recognised a fall of half an inch in 
10 ft., or 1 in 240, as sufficient for all the purposes of good 
drainage. At this rate the fall due to 1820 fl. will be 6| ft. 
But preferring to allow double this fall as proportionally 
improving the system, by aiding the discharge, we should 
require a fall of 11 ft. in our main sewers of the maximum 
length. And preserving 5 ft. above the head of the main, 
it would lie at a depth of 16 ft. at the well. This 5 ft. will 
usually be found sufficient to allow all necessary fall in 
house^drains and in branch sewers, to serve the superficial 
draining of the intervening district. 

353. The utmost economy of the system would be at* 
tained by multiplying the main sewers as much as possible, 
as by this means the length of the branches may be re- 
duced to a considerable extent, and the necessaty depth of 
the mains also reduced correspondingly. On the other 
hand, by sparing the main sewers, they are required to be- 
Ifdd deeper, and the branches also ; or, if depth be saved, 
it is at the expense of efficiency, and the wliole system is 
instantly filled with insuperable difficulties in vain attempts 
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to reconcile the relative levels of an infinite number of 
collateral sewers, and to adjust the details of the arrange- 
ment to the minor variations of surface above. 

853. In the depths we have assumed, as deduced from 
the desirable rate of inclination for the main sewers, allow- 
ance is not yet made for draining the basement stories of 
the buildings. It must be confessed that thjs purpose 
involves the greatest -difficulty in the details of the system. 
On the one hand, it is evident that the constructio;i of 
sewers as large as rivers, and at depths varying fi*om 20 to 
70 ft. below the surface, demands a most extravagant ex- 
penditure at the outset, and, after all, puts the works in 
positions which are practically inaccessible. Yet, on the 
other hand, we shall be reminded that the deep basements 
and kitchens must be provided for, and that our branch 
sewers must be sunk low enough to serve even the lowest 
of these. In order to provide for these, the main sewers 
will need to be laid some 8 or 10 ft. lower than the depths 
we have given, viz., 13 or 15 ft. at the head, and 24 or 26 ft 
deep at the well. Bather than permit the evils caused by 
sinking sewers at these depths, it will probably be prefer- 
able to reduce the distance between the wells, or even 
admit (although highly objectionable) some diminution in 
the rate of fall. We are satisfied, however, that the fullest 
investigation into this subject will establish the. principle 
that no sewage matters of any kind whatever should be (Mowed 
to be discharged into a drain from any room>s or apartments 
below the surface of the ground. The difficulties which would 
attend any attempt to carry this principle into effect in 
Loudon and similarly ill-constructed cities, may be too for- 
midable to be now encountered, but they must be over^ 
come before the sewerage of such towns can be reformed 
upon the most efficient plan which our present knowledge 
and experience suggest. 

854. The dimensions of the branch sewers are to be 
determined upon the same two elements of population and 
surface to be served that we have referred to in estimating 
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the required capacity for the mains; and, according to the 
varying extent and proportion of these elements^ a scale of 
sizes may be determined for the several lengths, distances 
apa*^, &c., of the branch sewers. 

355. By the system of district collections here recom* 
mended, one great difficulty felt in planning sewers for 
concentrated .discharge is at once obviated. In forming 
Sewers which are intended at the time to serve a certain 
district, but which may hereafter be treated as trunks, and 
called upon to discharge constant accessions of sewage 
from an extending neighbourhood, no calculation can pos- 
sibly be made as to the sufficiency or otherwise of the sec- 
tion it is proposed to adopt. Thus, as truly remarked by 
the Sun-eyor to the City Sewers Commission, " tlie sewer 
trojn Moorfields to Holloway appears to measure upon the 
map about three lineal miles. In process of time, and as 
buildings increase, it may throw out branches in all direc- 
tions, and ih^^tkree miles may become thirty. Not only all 
the atmospheric waters which may, upon an average, fall 
within the valley south-eastward of Highgate (or at least a 
large portion of them), but all the artificial supplies which 
the wants of its yet future inhabitants, as well as of those 
intermediate between lislington and Moorfields, may re- 
quire, will have to be carried oS by the City sewers." The 
necessary consequence of which doubtful condition is, 
either that the sewers are at first constructed in a most 
extravagant manner as to dimensions and depth, or that 
ihey are afterwards found to be utterly inadequate to their 
increased duty, and have to be reconstructed at greater 
depth and of enlarged capacity. Whereas, if district col- 
lections are adopted, each main sewer is at once properly 
devised as to size, form, and construction, and continues to 
perform its services efficiently ; and, as new districts are 
formed, each of them is provided with another system of 
sewers adapted to its defined limits, and made sufficient 
for all the work it will be ever expected to perform. 
856. In the form of sewers two conditions have to be 
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fulfill#d» TiJi. itrengtht ai obtaizud mih Monofkiy of coil* 
and iffieimey of tu^n» A hollow chumel embedded in the 
f ubsoil is evidently li&ble to be pressed upon and againil 
by the weight and bulk of the stmroundihg Solid initeriele^ 
and it therefore beoomeS necessary that the form of this 
channel be such as will enable it to resist effectually this 
pressure from without. We all know that a ourved fbrta 
of construction, in which the donvex surfiftce is opposed 
agidnsi the pressure, is stronger in this way than a plane 
Surface, because the pressure applied to any poitit of &e 
convex siirface is immediately distributed to i^ the sitffoiuid* 
ing points on that surface, and their combined resistance is 
thus brought into action against the external ibrde. And 
since the complete co-operation of all parts 6i the SQrfao# 
in resisting unif&rm pressure from the exterior is obtained 
only when all those parts have a common centre^ the cireU 
is the most perfect dgure for this pUrpoS(». 

857. But the pressure upon all parts of a seweif is not 
uniform. The top of it will be subject to the entire weight 
of the mass above it, minus only the friction and stniottiral 
tenacity by which that mass is prevented ftom moving 
freely downward from the surrounding portions. The 
sides of the sewer are pressed against by the soil with 
forces inversely proportional to the tenacity of the material; 
that is to say, the less the tenacity or powef of self-support, 
the greater will be the pressure against the sewer. The 
bottom of the sewer may be regarded as fiiee from external 
pressure, except such as is due to the resistance with which 
the soil below meets the downward pressure exerted by 
the sewer itself, and transmitted by it from the load 
above. 

858. The greatest pressure being thus vertically from. 
Iibove, a form of uniform strength would require to act 
with greateif resistance In this direction. Hence an ellip^ 
iical form, the longest diameter being placed Vertically, 
would appear to answer the conditions better than a circle, 
told is, doubtless, the least imperfect form] that can be 
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Ado^d. Ptfaottc^lly it bfts been d^efiidd deeimble to oom4 
bine\ as far as poitlble) « QOfisldeirftbte ei^oit^ with ih< 
ttidmf of mAkiiig a redueed flow aetive In its passage 
through ^0 Mwerj and thMe re<|\iirement6 appeal^ to be 
fiilftUed by «t iform of section that diffefs from an ellipse in 
haying th« ttp]»er ourv« of larger radius thftn the lawer one, 
^sMiblhig thd outline of an egg standing on its smaller 
«nd, and to whi<)h the name of egg-iihap«d» cf ovi^rm^ has 
th^r^ors b«en applied. 

WQ« *rh© value of the curved bottom of reduced radius 
depends upon the irelWtnown law, that the passage of fluids 
^ough channels is retarded by the fritition between the 
^tfer and the surface of the channel with which it Is in 
t^ontMt. And it is an evident result of this law, that the 
greater the surface of contact the grefttei* the friction. 
Hence toy given bulk of water will flow the most rapidly 
fai that form of channel in which this surftice of contact is 
'reduced to the minimum. The form necessary to fulfil this 
condition is presented at onc« by the well-known geome- 
trical principle, that the circle includes a greater area 
within its perimeter than any other figure of equal peri- 
meter. And as the necessity for aiding the flow by dimin- 
ishing the friction occurs chiefly when only a small stream 
exists within the sewer, it follows thai the radius of cur- 
vature should be proportionally reduced within practical 
limits. 

860. The exact proportion which the radii of the upper 
and lower curves of the oviform section of sewer should 
bear to each other, (adopting circular curves as preferable 
in practice to elliptical or any indefinite curves,) would 
depend on the precise average minimum of water to be 
provided for, calculated jointly with the density oud tena- 
city of the soil, and the depth at which the sewer is laid. 
As it is manifestly impossible to determine all these ele- 
ments with exactness in evolving any general rule for the 
pioporttons of the section, they may b6 disi^arded, since 
the main torn is eetablished by the conditions stated in 
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paragraph 868, und a practical rule may be formed which 
will be found to answer all real purposes. 

861. In the forming of sewers, as in all works of a 
similar class, which are often necessarily entrusted, to a 
great extent, to the charge of workmen, who cannot be 
expected to pay much attention to the refinements of 
geometrical principles, simplicity is evidently an object of 
the first importance. The proportions of the several curves 
required in marking out the section and forming the 
moulds and gauges to be used in constructing and testing 
the work should be such as can be readily understood and 
exactly remembered ; and in proportion as these rules axe 
observed in designing the form, will be the probability of 
that form being preserved, and exactness attained in the 
construction of the sewer. 

862. In seeking this object we have worked out a diagram 
of proportions, shown in fig. 77, that we can venture to 

Fig. 77. 



1*,. , 




recommend on the score of simplicity and sufiGiciency^ 
which we hope will be made evident by the figure and tha 
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folIo\mig description. In tfads section let the diameter aa, 
of the upper semicircle ad a equal 1 ; that of the lower are 
BE will equal *6. The entire height of the section df will 
equal 1*6, and the radius caa, of the side arcs ab (truly 
tangential ta the upper and lower arcs) will also equal 1*6. 
The centres co heing upon the produced diameter of the 
upper arc, that arc will equal a semicircle, and the lower 
arc BB will equal 120**, the points for the meeting of the 
curves being at bb, found by drawing the radial lines, cb, 
through the centre e of the lower arc. Suppose the greatest 
diameter a a be determined at 8 ft., the several dimensions 
will be thus : — 

Ft In. 

Diameter of upper arc 8 

Do. of lower arc - .... 1 6 

Height of section 4 6 

Badius of side arcs 4.6 

And the area may be taken (as a very close approximation 
to tlie truth) as equal to that of a semicircle of 8 ft 
diameter, added to the area of a circular segment whose 
radius is 4 ft. 6 in., and versed sine 1 ft. 6 in. ; the area 
thus given being in excess only the small space shown in 
shaded lines at a. 

368. The comtructian of sewers is varied according to 
their size, and should be also considered with reference to 
the economy with which different materials may be obtained 
according to the locality of the district, and also the nature 
of the soil in which the work is constructed. For the 
smaller sewers the " glazed stone-ware " pipes are found 
efficient substitutes for those built up of brickwork. They 
have the advantages of being much more quickly laid than 
the others can be built, and of presenting a very superior 
surface for the rapid passage of the sewage. They are abo 
constructed in various forms of bends and junction pieces, 
and thus afford the means of ensuring proper form in these 
points. From their comparative thinness, pipes of this 
kind afford a much larger capacity with a given quantity of 
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eKcavction for lajitg ^Mm, than Bewarft Ibrmad of brklu 
work, wbiob, even for the tauiUest diamaler, eannot be lets 
than half a brick, or 4^ io, in tfaioknaaa. In laying tfaam 
qtt*a must, of ooursa, be taken with the jolata, whicb are 
fonned by a socket on one end of eadi length of pipe in 
which the plain end of the acyoining length ii reeeived 
The priceg at which these pipea miqr be prooorad in 
XiOndon are as follows:--^ 

Straight Tubes with Socket JoinU. 



Xn B ft. lengths 



3 ft 



InchM 


FHmpw 


Bote. 


liioMkl FMk 




». d. 


2 . 


Q 4 


8 . 


6 


i . 


6 


& . 


» 


9 . 


1 U 


12 . 


1 10 


15 . 


3 


18 . 


4 



Diameter of 
Bore. 


Bends Each. 


Junctions 
Each. 


Double Junc- 


IndiM. 
2 
8 
4 

6 

9 

12 


«. 4, 

I 
1 3 

1 a 

2 8 
8 6 
6 


i. 4, 
I 
1 3 

1 e 

2 
8 6 
5 6 


1 ^ 

2 
> 8 
4 « 
» 



Eg(^-8h$iped tubes are also prepared of the same matQi*lal ill 
ft ft. lengths with socket joints, at the following price$ : — 



SiM iDiid*. 


Price per 
Uneal Foot 


Ft In. Ft. In. 


$. d. 


19x10. 


. a 6 


18x00. 


. a a. 


9X00 . 


. 1 1 
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In ChMter the following priees have been paid, including 
excavation of the maximum depth of 1ft ft. : — 



Inches. 



43 
86 
83 
80 

20 
16 



32 
Sd 
28 
25 
22 
18 
15 
12 



11 

16 



per lineal yard, ordinary earth. 

2 „ rock. 

6 ,, ordinary earth. 



8 6 

7 9 

6 6 

5 6 

4 9 



The stone-ware tubes may b^ manufactured with ample 
strength for all purposes required in their application as 
minor sewers* Some experiments, made with specimen 
tubes of fire-clay at Glasgow, proved their power to resist 
a pressure ^qtlal to that of a perpendicular column of water 
900 ft in height, being three times the pressure to which 
it is found necessary to prove iron pipes used for the trans- 
mission of water. Drain tubes of common clay are sup- 
plied in Glasgow at the- fallowing prices ^— ^ 



8 in, diameter . . 


6 per 


lineal yard. 


6 „ • . . 


9 


i» 


9 


1 


i> 


12 


1 8 


>i 


18 „ . . 


2 


it 


Pipes of fire-clay at Glasgow 


, cost:— i 




4 in, diameter . . x 


s, a, 

1 per 


lineal yard. 


„ 


1 6 


i» 


13 


2 3 


»i 



Supplied in large quantities, it is presumed that all of 
these prioes for tubular drains would admit of considerable 
reduQiian. The following estimates for works, as ordered 
bj thjs Metropditaii Commission of Bewers in tiie. months 



,y Google 



128 PBIOES OF PIPE BEWEBS. 

of April and May, 1849, contain some useful figures as to 
the cost of works qf this class : — 

Qnantitios. LocaUtiOi 



Cort. 
£ t. d. 
245 (L of 12 in. pipe 1 To be put down an open lewer in South- 
sewer . . j ampton Street, Nine Blnu, Surrey . 39 
400 ft. of 9 in. and 1 To be put down in St. Hark'i Boad« 

500 ft. of 12 in. . .J Eennington 131 5 

485 ft. of 12 in. . . To be put down in James Street, Een- 
nington 78 16 3 

400 ft, of 9 in. and ^ To be put down on the south side of 

415 ft. of 12 in. . . J Eennington Common 117 18 9 

700 ft. of 4 in. . . To be put down on the north side of 

Eennington Common 15 

483 fL of sewer, 8 ft. 1 To be. put down in the Wyndham 

6 in. by 2 ft. 3 in. J Road, Camberwell ...... 157 

95 fk. of 18 in. pipe i To, be put down in Qreat Guildford 

sewer .... J Street, Borough 28 10 

135 ft. of 15 in. 26 

665 ft. of 9 in. . . In an open ditch 78 10 

800 ft. of half-brick sewer, 8 ft. 6 in. by 2 ft. 8 in. and 158 ft. 

of 12 in. pipe sewer 800 

240 ft. of 9 in , ... 15 

From these estimates the average costs of supplying 
and laying the pipe sewers of ^ev^ral sizes appear to be as 
follow : — 

s, d. 

4 in : 6 14 per foot^ 

9 in .13 

12 in 3 3 „ 

15 in 3 10 

19 in ; 6 

And of the egg-shaped sewer, half a brick thick, and 
measuring 3 ft. 6 in. by ^ ft. 3 in., 6«. lOid, per foot. 

364. In commonly good soils brick sewers may be con- 
structed of a single half brick, or 4^ in. in thickness, of 
curved form, of considerable size. In the Finsbury division, 
half brick egg-shaped sewers have been constructed, 4 ft. 
6 in. by ^ ft 9 in., and are found sufficient. Sewers of 
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these dimensions would be ample for the mains of properly 
limited and defined districts. J£ the soil be of a loose and 
uncertain character, it will be necessary to build them 9 in. 
in thickness, or two halfrbrick rings. In the small curve 
of the invert all brick-built sewers should be very carefully 
constructed, the unavoidable interstices between the bricks 
(if of the common square form) being filled in with pieces 
of slate or tile, and the whole floated in with cement to 
make it as one solid mass. If this be not honestly done 
and carefully superintended, the action of the declivity will 
be nullified by irregularities in the interior surface of the 
waterway, and a liability created to the formation of bars 
by the settlement of the solid portions of the sewage. 
Egg-shaped sewers 3 ft. 6 in. by 3 ft. 6 in., in an average 
excavation of 15 ft., have been executed at a cost of about 
14«. per lineal foot in the neighbomrhood of London. 
These sewers were built half a brick in thickness and in 
cement throughout, and the cost included excavation and 
refilling the soil. 

365. Egg-shaped sewers formed according to the rule 
given (362), built half a brick in thickness and with inverts 
in cement, in an average excavation of. 10 ft., may be esti- 
mated to cost per lineal foot as follow : — 





Ft 


In. Ft. In. 


«. 


d. 


Glass 1 . 


. 4 


0x28. 


10 


per lineal foot. 


,, 2. 


. 3 


6 X 2* 4 . 


8 


6 


„ 3. 


. 3 


0x30. 


7 





,. 4, 


. 3 


6x18 


5 


6 


„ 6. 


. 2 


0x14. 


4 


6 „ . 



366. In forming the connections of drains with each 
other, viz. those of the house drains with the branch drains 
or sewers, and of these with the mains, through the several 
classes of sizes which it may be necessary to adopt, two 
rules should be in aU cases imperatively insisted upon, — 
first, that aU jimctions shall be formed with curves, and of 
as l^rge radii as possible in the direction of the current; 

a 8 
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«nd, BBQonily, that wherever a minor Amn dilobttjgiSf vM 
4 larger one, the bed of the forjoer shall be kept as much 
as possible nbov4 that of the latter as the relative aiMs of 
the two sewers will admit 

367. The importance of the first of these rules baa 
been long recognised and admits of proof, both theoretical 
and practical. It is found that in a sewer of U ft, in* In 
width, a stream of water, flowing with a velocity equal to 
350 ft. per minute, meets a resistance in suffering a chaagt 
of direction, the amount of which depends upon the direct 
ness with which that diange is made ; the resistance occa- 
sioned being three times as great by a right angle as by » 
curve of dO ft, radius, and double that produced by a curv« 
of 5 ft. radius. The resistance thus diminishes as the radius 
of curvature of the junction is increased. The effect of june« 
tions in which considerable resistance is opposed to the fre^ 
passage of the sewage is, that the solid particles become 
deposited, and, being left by the flowing waters they aoeu« 
mulate until a bar is formed, which still further impedes 
the progress of the sewage, and eventually arrests it alto- 
gether* 

. 808. The practical value of keeping the mouths of minor 
sewers above the level of the bed of the mains into Wbieii 
they discharge, arises from the prevention by this means of 
a return of the sewage up the minor drains, supposing 
a deficient declivity or any untoward circumstance should 
produce a retrograde movement within the main. The 
connection should also be formed hi the most perfect 
manner, sO that the mh)gling of the currents shall not 
have the effect of impeding either of them. The mouth 
of the mmor drain should be spread into a bell-form, and 
the whole surface of the junction mftde solid and evm witb* 
good cement 

869. The upper connections of the minor sewers, vis, 
with the house drains, are small works, requiring thai 
({reatast eara and ciroumsp^tiott« They iM*e frsquendy 
disragardcd and eiralassly ex«iu(4d> beoause Hmy i^gear 
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individually trivial matters; and, moreover, are trouble^ 
aome and tedious, apd correspondingly expensive. But it 
i« elear that the effioiency of the entire arrangement of any 
system of town drainage is primarily dependent upon the 
eompIetene$a with which the individual drains of houses 
ednvey the separate contributions of sewage into the minor 
oi* branch drains. If these tributaries fail, the trunk of 
eourse remains idle, and all care bestowed on the larger 
works is thrown away. Supposbag the house drains to be 
formed with clay or stone-ware pipes, and the receiving 
branch sewer to be of the same material, lengths of the 
latter should be introduced at intervals having sockets into 
which the ends of the house drains may be fitted. If the 
branch sewer be of brickwork, the junction of the house 
drains should be carefully made good with a ring of cement, 
and the work nicely finished on the interior surface. It 
will of course be necessary to lay these house drains and 
branch sewers at the same time (if the latter are of brick* 
work and not large enough to admit a workman), in order 
to complete this work in the best manner. And as this is 
not always convenient, the stone-ware pipes oflfer the great 
advantage of jointing without any hand work inside the 
branch, by simply laying the branch sewers with sufficient 
socket outlet lengths at intervals, which may be communi- 
cated with by house drains at any future time, the sockets 
being temporarily plugged up with wood. 

8T0. The lower ends of the main sewers will communi- 
cate with the receiving wells, and should be well lipped 
downwards to promote the ready discharge of the sewage 
the moment it arrives at the mouth. These being principal 
works, and few in number, are more likely to be well at- 
tended to and carefully executed than the multiplied minor 
connections. The wells, adapted in capacity to the quantity 
of sewage they are intended to contain, will require sub- 
stantial and sound work. Being in towns necessarily sunk 
to some depth In the ground, the cylinder will be the best 
Item in which to construct them. Behind and' around the 
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brickwork a backing of concrete should be filled in, ^e 
excavation being made sufficiently large for this purpose, 
and the whole interior surface should be lined with cement 
or asphalte. If this be done it will not be necessary to 
build the work in cement, although this would, perhaps, be 
a wise additional precaution* Proper economy in this mat- 
ter will be best arrived at by experiments, upon which aa 
adequate sum of money would be well expended before 
extensive operations are commenced. 

871. Means of access to the main sewers are best afforded 
by side entrances,' such as those which have been introduced 
in the Holbom and Finsbuiy division for the purposes of 
inspection and flushing. Although, if the entire system 
were properly . constructed, no necessity could occur for 
fgrtificial cleansing, it will be desirable to provide means of 
getting at the interior of the main sewers at intervals, and 
the side entrances referred to are well adapted for this pur-^ 
pose. The side entrance consists of a vertical square or 
rectangular aperture, formed in brickwork, and covered by 
a hinged iron cover, fitted in the foot-pavement of the 
street This aperture is carried down to a level of about 
2 ft above the bed of the main sewer, and terminates in a 
short passage or tunnel, which opens into the side of the 
sewer. The vertical entrance is provided with hand-irons,, 
built into the wall, by which descent and ascent are ren* 
dered easy. 

872. We have already insisted on the necessity of so 
arranging and constructing the sewers of a town that they 
shall not require any cleansing by hand, and have denied 
the condition of admitting workmen as an essential one in. 
determining the size of sewers. A sewer cannot be con- 
sidered as properly constructed if it retain the matters 
committed to it in a quiescent condition. It should act 
simply as a place of passage, and instantly transfer the 
sewage onward towards the receiving well. Failing in this 
pmpose, and containing all the solid matters in a con- 
stantly-growing accumulation, the sewers of a town act as 
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combined cesspools, and the several gully-holes serve as 
the outlets for the escape into the atmosphere of some of 
the deadly gases constantly engendering below. The ex- 
pense of cleansing by hand is» moreover, an item of con- 
siderable importance, although, of course, never incurred 
until the subterranean nuisance becomes intolerable. In 
the Holbom and Finsbury division, the cost of removing 
the soil from the sewers provided with man holes is about 
78, per cubic yard, and from those without, 11 5. per cubic 
yard, including the expense of breaking the arch and 
maiking it good again. 

373. The method of cleansing the sewers in which 
matter accumulates, by flushing water through them, was 
practised to a great extent in the Holbom and Finsbury 
division of sewers, and has been adopted by the New 
Metropolitan Commission of Sewers. The* principle of 
this method consists simply in retaining the sewage water 
for a period of time by flushing gates fitted in the sewer, 
and periodically admitting the accumulated water to pass 
by opening the gates, and thus producing an artificial rush 
sufficient to carry fdl accumtdations before it. The relative 
economy of the process, as practised in the Holbom and 
Finsbury division, and, as compared with the hand clean- 
sing, was stated as follows : — 

Washing away 6688 cubic yards of deposit by 
board-dams (a process always performed 
preparatory to fixing and using the flush< 
ing apparatus) . ' . . . . 

Putting inside entrances and flushing gaties 

iei937 la 7 

The cost of removing these 6688 cubic yards by hand 
would have amounted to 2387i. The preliminary cleansing 
and providing flushmg apparatus were, therefore, effected 
at a saving of 4402. Is. 6d, The current expenses of the 
two methods are thus stated :— 



,y Google 



£ 


s. 


d. 


644 


12 


7 


. 1^03 









184 WtVfSBTlM fSHWtM* ' 

Annual cost ef eleanilng 10 milea of sewem by 
hand 8»« IT 

Annual coit of oleaa^ing 16 milei of MWara by 
trorkhig flttfthing gates . . • « 108 

Annual aaring by fluabing method £280 17 

The cost of this method, as stibaequently pfaetised onder 
the New Metropolitan Commission of Sewera, has beea 
reported as being about one-third that of eleansing by 
hand ; thus 22,400 ft. of sewers, in which the deposit varied 
from 6 in. to 3 ft. 6 in. (in depth) were cleansed, and 8386 
double loads washed away at an expense of 500^., wbioh 
process, under the old system, would have cost 1500L 

374. The method of flushing is attended with one* and 
that a very serious, evil consequence, and the mischief of 
which is the greater in proportion to the force and velocity, 
and corresponding efficiency of the process. This is, the 
violent driving forward of the foul gases with which the 
otherwise vacant portion of a sewer holding stagnant refiiao 
is usually filled. The flushing of the higher part of an 
extended line of sewer Is thus frequently productive of a 
rising of these gases into the house-drains connected with 
the lower portion of the sewer, and any imperfection in the^ 
trapping of thea4 Admits the most noisome effluvia into tb^ 
houses, while the streets ar« always poisoned with the 
gases thus driven up through the gratings and gully boles. 
Sometimes, indeed,, the jdusbing water is forced into the 
house-drains, and. of oour8e« oeeasions Vk total suspensioi^ 
of the flow of the sewage in the reverse direction. Accord- 
ingly, we find that the process of flushing has been dis- 
eontinued during^ the warm season, the very time when 
it is most needed as an artificial means of cleansing the 
»ewera, 

375. For the efficient cleansing of the streets and 
thoroughfares of a town two provision's are requisite, vii, 
an abundant supply of water for occasional application, 
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wlitB th« lelfMpfpIj of fttin 18 i«s|)ehdtd» tod t"o6inpl6te 
ansngement of sowers thhMigh vfaioh to diAaharge $Xk tii« 
enirfaoe-wstep wh«a iu purpoia of eloausing haa been ful« 
filled. For the supply of water, the system of oonatant 
supply affords the greatest fiieilities, giving an instant com* 
mand of the required quantity. 

876. It has been ascertained in London, that one ton of 
water is sufficient to lay the dust over a surface of 600 
square yards of gravel or macadamiied roads, or of 400 
square yards of granite paved sti^ets. The average number 
of days per annum in which it is found, from twenty years* 
experienoe, to be necessary to apply water for this purpose* 
is about IdO. The common charge for this work i« at the 
rate of ^d. per square yard for the season, the water being 
applied only once per diem, or 50^rper mile of a main road. 
The common assessment per house for watering roads 
twice a day is U. for the season. The cost of doing the 
same work by means of jets, supplied from the main water« 
pipes, is estimated at 5ff. per bouse. At Nottingham, where 
the constant service of water is rendered, a chai-ge of 75. 6d. 
per annum is made for a single street plug, by which some 
of the proprietors of shops command a ready supply, at all 
times, for watering tlie street in fi-ont of tlielr own premises, 
and often of the adjoining houses also. 

677. The securing effect of jets of water thrown upon 
the sur&ce of the streets is far greater than when merely 
dropped or throwq from the perforated pipe of a water- 
cart. A single jet. supplied with a forbe equ$l to throw the 
water vertically upward to a height of 6fty feet, will, directed 
at an angle of 46^ command an area of about fiOOO square 
yards, and this suiface will be really cleansed by the pro* 
cess, whereas the mere distribution of the water, without 
pressure, wets without cleansing. The mud which Is formed 
on the surface of the streets, during certain states of the 
weatKer, is wall known to have an unotuons character, which 
resists all eleatnsing action less vigorous than that of jets of 
water uadetf prassore. .. 
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878. The position of the main sewers beneath the streets 
of a town a£ford8 ready means of directly discharging the 
waste waters from their surface. The adaptation of the 
sewers for this purpose requires inlets, at intervals, fitted 
with iron gratings, by which large substances are prevented 
from passing into the sewers. These inlets and gratings 
being situated at the sides of the carriage-way, while the 
sewer is beneath the middle of it, they communicate by 
means of transverse drains or passages, which should be 
formed with sufficient declivity to prevent any accumulation 
of surface-water or road-sweepings beneath the gratings. 
The narrower the interstices between the bars of the grat- 
ings are, the better. Very small spaces will suffice to admit 
the water with great rapidity, and also the mud which is 
formed upon the surface of the streets, and the narrow 
spaces are useful in preventing the admission of these mat- 
ters during heavy showers with a force which might endan- 
ger the safety of the sewers. 



SBCTION V. 



Oonyeyance of Water. — Piping, AqneducU, Beienroin.— Pumping Appa- 
zatos; Steam Draining and Pumping, &e. ^ 

879. For the conveyance of water firom upper surfaces 
and sources to towns, open xchannels, or aqueducts, some- 
times afford cheaper means than the laying of piping be- 
neath the surface of the ground. In supplying water from 
these sources to some of the towns in Scotland, Mr. Thorn 
has had occasion to construct several miles of aqueducts, 
and in preference to adopting direct lines, which are com« 
monly obtained at great cost in the necessaiy aqueduct 
bridges for crossing valleys and other expensive works for 
meeting the difficulties presented by the natural rugged- 
ness of the country, Mr. Thom designs his aqueducts by 
"mnding along the slopes, howerer circuitous the course 
thus involved, and descending only with such a Ml as will 
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allow the water to'flow with a gentle current Aqueducts 
thus formed are simply artificial rivers, •and the entire 
expense is limited to that of constructing suitable banks 
and bed for the channel. An aqueduct thus constructed 
at Greenock, passes through veiy rugged ground, and has 
cost not more than 4,001, per mile. The New River, by 
which a large section of London is supplied with water 
from the springs of Chadwell and Amwell, with an addi- 
tional supply out of the river Lea, near Chadwell, in Hert- 
fordshire, is a fine example of an aqueduct of this kind. 
This channel, the enterprise of Sir Hugh Middleton, was 
commenced in 1609, and completed in 1613. The direct 
length between its extremities is about 20 miles, but its 
actual length is 39 miles. The average annual quantity 
supplied by this aqueduct is 614,087,768 cubic feet De- 
ducting from this the larger consumers and street-watering, 
together about 33,629,400 cubic feet, the remaining 
580,668,368 cubic feet per annum are equal to about 46^ 
cubic feet per tenement, supplied each alternate day. The 
reservoirs, in which this supply is stored, are equal to con- 
tain the quantity consumed in seven days, or 11,774,000 
6ubic feet 

380. The city of New York is partially supplied with 
water from the Croton river by an aqueduct 40 miles in 
length. The receiving reservoir of these works con- 
tains 150,000,000 gallons, and the distributing reservoir 
21,000,000 gallons. The supply is effected without either 
pumps or water-wheels. An interesting work of this kind, 
a suspension aqueduct, has been constructed for a canal 
over the Alleghany river at Pittsburgh. This aqueduct 
consists of seven spans of 160 ft each, from centre to cen- 
tre of pier. On the piers are pyramids rising 5 ft. above 
the level of the side walk and towing-path, and measuring 
3 ft by 6 ft on the top, and 4 ft. by 6 ft. 6 in. at the base.* 
The two wire cables which support the stracture are placed 
one on each side. Each is 7 in. diameter, perfectly solid 
and compact, and constructed in one piece from sbore to 
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■bore. UT5 ft long, of IQOO whresof J in, tbiolmess, Such 
wir9 is ▼•mUh«d 8#p(uratefy» fmd the v/hoU ci^bU has % 
oloM oomiwot, and oontiauoiM wrappiog of annealad wira 
laid on by maobineiy. TransTersa baams of timber, 27 ft 
long, and 16 x in., are plaoad in pairs at 4 ft apart, 
£acb pair of thesa beams is supported on each sida of tba 
aqueduct wltb a double stirrup of H in. round iron« 
mounted on a small saddle of cast iron, which rests on the 
cabU. Into thete beams, wooden posts 7 x 7 in. at top> 
and 7 x by 14 in. at bottom, are mortised. Tbeae posts 
are the side supports of the water-trunk, which is of wood, 
1140 ft in lengUi, 14 ft wide at bottom, and l^ ft wid« 
at top, and 8i ft deep. The sides and bottom are com- 
posed of a double course of 2| in, white pine, placed s9 
that each course crosses the other diagonally at a right 
angle. The extremities of the cables do not extend below the 
ground, but ire connected with anchor-chains whichi in 
curved lines, pass through the masonry of the abutments, 
Thd bars of these chains Average U x 4 in<, snd from 
4 to Id ft. in length. They are formed of boitor n^v99 
iron, sad forged in single pieces without welds, The ex- 
treme links are anchored to cast-iron plates 6 ft square* 
The lotal length of each Cable and its cbiUns is lliSa ft., 
and the weight of both cables 110 tons. The weight of 
water in each span (4 ft, deep in the trough) i0 ^Qi t<ma. 
The total s^lid section of anchor chains is 79 supeificial 
inches. Doflaotion of chains, 14 ft. Q in. Hcvation of 
pynunida above pienl, 10 ft 6 in. The tenaion of each 
wire ia ftOQ lbs., while it! ultimAtc strength will be 
1100 Iba. 

8BL Oastnron pipes are now universaUy employed for 
the conveyance of Water. They Are formed with aocket 
ends, so that all necessary motion is permitted according to 
*!the expansion and eontraotion of the metal, caused by va- 
riationa of temperature. Until the eemm^iceinent of th^ 
preient eentoxy all the water attppUed by oompaDies to 
London evai eoalreyed in pipes bored cM of elm, and ai 
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wooden pipes in use. ' The general use of wi^tflii^^cIosQti 
among the higher class of tenants, ahout the year 18D9,led 
to the projeetion c4 Aew companies, wbo uuddrtCKd^to meet 
the growing want of water-supply at high service, hy the 
use 6t tteam power and iron - pipes, a duty for which the 
old woodfn pipes were inadequate. The bore of the 
wooden maips was from 6 to 7 in., and of the service pipes 
3 in. The principal iron, mains now vary from 12 to 30 in. 
in diameter} the sub-jnains are 6 and 7 in., and the service 
pipes usually 4 in. The intericMr of the cattriron pipes 
used for conveying water should be coated with a prepa- 
x9tiQU of liroe-^ator, to prevewt aorrosiou mi the e(mse- 
queut usurious; effoct upon tbd quftUty mi Amom Qi tb# 
water. 

382. Several methods h&ve been adopted for forming the 
joints of iron water-pipe*. Originally they were formed 
with flanges screwed together, but these were rapidly de- 
jsitroyed by the variations In the total length of piping pro> 
duoad by ehanges in temperature. Socket Joints were then 
iaivpduaed, the Joining parts bein^ so formed that an annu* 
lar tpaaa is left within )^e loekat, tuid outside the entering 
ptp6) ibr a ring of soldai^ to be poured in, for the purpose 
of jnfiktfig the joint water*U^t. An improvement has been 
aflialad ifi this Idnd of joint, by making the parfM to fit 
^aeb oihpff and turning them aoeurately to a conical form 
so that a water-tight^ oint is produced without any stuffing 
or packing of my kind, a little whiting and tallow only 
being used to assist the close adhesion of the parts. This 
kind of joint is so perfect that it has been adopted in form- 
ing the joints of a steam-engine suction pipe, 30 in. in dia- 
SMtir, with peifeot sueeasa. Woodan plugs of suitable 
ta|>evform hAva also bean auacesifiilly and aocmomically 
aj^pUed for forming the sockat joints of water-pipes pre* 
IpaMlL with m au&ular apaoet i^ whieh they are driven. 

aas Tba waii^ta ^ oaat^iroa pipas, «i appliad for 
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water-supply, are as follows, according tx) the size or diame^ 
ter of the bore. 
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884. In determining the proper size for pipes, according 
to the quantity to be conveyed, the following formula has 
been employed — 



15V ^ 



15 

in which q represents the number of gallons to be delivered 
per hour, I the length of the pipe in yards, h the head in 
feet, and d the diameter of the pipe in inches. In applying 
this formula, Mr. Hawksley, Engineer to the Trent Water- 
Works Company, calculates that for supplying a street of 
600 yards in length, the total length should be divided into 
three spaces of 200 yards each, and the quantify allowed 
for each of these spaces should be respectively as fol- 
lows : — 

CMIont per diem. 
Final 200 yards , . » • 13,000 

Middle 200 yardi, 11,000 + 18,000 r= 24,000 
First 200 yardf, 8,000 -h 24,000 » 32,000 

The calculation also assumes that the delivery of these 
entire quantities will take place in four hours, and that the 
whole of the water taken off from each length has to be 
passed to the end of that length. The delivery of these 
quantities respectively will require, according to the formula 
quoted, pipes of the following sizes : — 
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For the first 200 yards . , .6*2 diameter. 

„ middle 200 yards 4*5 „ 

„ final 200 yar^s , , .36 „ 

Addi2ig about half an inch to each of these for possible 

contraction by corrosion, the practical diameters become 

6 in., 5 in., and 4 in. respectively. The difference in 

the size of pipes needed for the intermittent and the con* 

stant supply systems is exhibited in the following com- 

parative statement: — 

Periodical Constant 

Supply. Supply. 

Mains , 20 in. diameter 12 in. diameter. 

„ . . 7 ., I „ 

»>'•"?> > 4 ft 

Service pipes 3 „ ,2 „ 

385. Of the cost of raising water with piunps worked 
by steam-engines ezi^gerated conceptions are frequently 
formed, and it is therefore desirable to collect the best 
evidence on this subject, from which it appears that this 
cost is really an insignificant item, when the expense of the 
power is fairly compared with the quantity of water raised, 
as appears from the table of results (page 148), as stated by 
Mr. Wicksteed : — In all these cases the coals are taken at 
125. per ton, and all charges for working the engine, coals, 
labour, and stores, are included, but no charge is allowed 
for interest upon outlay, or repairs of machinery and build* 
ings. To raise 160,000,000 of gallons 100 ft. high would 
cost according to the 

1st statement . « « . dg362 
2nd „ ... 238 

3rd „ . • . . 222 
4th , 100 

386. Of the performance of Taylor s pumping engine; 
in use at the United Mines, the late Mr. Earey made the fol- 
lowing computation : — The average duty performed by this 
engine during the years 1841 and 1842 was equal to tiM 
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raising of 9ftf mfllions pounds weight of water, 1 foot high, 
by the ^mbilstion of 1 bushel of eoal. EMh bitthel of 
coal weighs about 04 lbs., therefore each lb. of ooal con- 
sumed by Taylor's engine raises* l,000,OdO lbs. «f water 
1 a hij^. Th« unit of horM-power adopted by Mr. Wftit, 
ti«. ft forde equAl to 89,000 lbt.» aating ttirough ft ipiiCA of 
1 ft. pei^ minutei is fotmd to be htdf as tnueh m&te as the 
BivetBLg% perfbrmanc^ oC ft good drftught horie working 
a houiv A day And 6 dAyi a week. A t^^Atn engine ^hleb 
raises 04,000,000 per bushel (as Taylor's engine does) wm- 
sumes only l'f8 lbs» of coal per houi^ lor each horse power 
which it exerts independently of overcoming its own fric- 
tion, and that of the punips. Thdt id, when it exerts a 
power e^lial to that of 100 horses, it consumes only 198 lbs. 
of coal per hour. . ' . 

387. Mr. Hawksley hassfumig/hed a Compendious state- 
ment of his estperi^nce in taieing and conreyance of WAter 
fcr the town of NotthighAm, to thie eflfect !— •» The cost of 
iM&smitting water to a distance of 6 miles, and to a height 
ef (00 ft., indttding weak* And tear of pumping machinery, 
fUel, labour, hiterest of capital Invested in pipes, fedef^oiin, 
engines, Ac., amounts to about S^. per ton.*' The same 
gentleman calculates the resistance ft^ friction in convey- 
ing WAter in pipes According to the formula 

in which p npreeents the horse-power neeeeiAry to over« 
eome the friction, I the length of the pipe in inehee, q the 
quantity of water to be delivered in one second In gallone, 
and d ike diameter of the pipe in inchei* For the trans- 
mission of 500 gallons of water per second^ two mains, 
each of 60 in. diameter, would be- required, and the resist- 
ance arising from friction in these mains, Qd miles long, 
would, according to this formula, require about 460'hor8e 
j^wer. The power required to raUs this quantity to a rlM 
eervoir At a height of AdO ft. would Amount to thAt of AOOO 
ik^rseft BQininaUy4 The totAl power Mq^lrod^ta fAiee mi 
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transmit a distance of 25 miles, through pipes, 600 gallons 
of water per second would thus equal that of ^450 horses. 
These figures are sufficient to show that the cost of raising 
and transmitting water by steam power is so small in pro- 
portion to the quantity of water thus placed at our com- 
mand, that a pure but distant source may generally be eco- 
nomically applied in pre^n'enee to Bupplymg an inferior 
quality of water from more proximate soiurces. 



Desoriptioa of Engines. 
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!• A single pumpkiff engine/ 
by fidulttm and Watt, in 
1609, working IO4 hoort 
per diem, 6 days per week, 
mean power 29.^ norses 

(ATenige of 2 yean' working.) 

2. (Two iingle pumping en-' 
ginet, by Bonlton and watt» 
iu 1909, working 24 boafi 
per diem, 7 days per week, 
menn power of each eflgiiie 
80|bortei. •...., 

(Average of 10 years' working.) 

81 Twd tingle ptrniping en^^ 
gtneSj by Boulton and Watt, 
one in 1816, and one in 
1828, working '12 hours 
per diem, 7 daya per waek, 
mean newer of each en- 
gine 7o horses . . . .^ 

(Ar^fnge of 10 y«ir«' working.) 

4. One single pumping en-' 
gi«e, by HarVey nnd Co., 
upon the expansive prin* 
ciple, in 3837, working 24 )- 
hours per diem/ 7 days per 
Week, mean poWei* 06| 
horses ,^ 

(Average of 4 years* working.) 
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DBAIMAaB OF BUILDXMaa 

SECTION L 
dflMification of Bnildingi. 

888. The principal classes of buildings, as subjects for 
water-supply and drainage, are — 1, Dwellings ; 2, Manufac- 
tories ; and d, Public Buildings. Each of these admits of 
several subdivisions, which should be briefly enumerated, 
in order to indicate the extent to which they are recipients 
of pure water and contributors of refuse matters to the sum 
total of town sewage. 

889. Dwellings are to be sub-classifled according to the 
superficial area which they occupy, and the average number 
of residents whom they accommodate, and the arrange- 
ments to be provided for the joint purposes of supplying 
water and discharging sewage are required to be propor- 
tional to these two data combined. Upon the extent of 
area the quantity of rain water will depend, and this has to 
be entered in the accoimt in two ways, first, as affording an 
integral portion of the supply, and secondly, as contributing 
to the sum of the sewage. The principal datum will be the 
number of persons for whom water is required in each 
dwelling, and each of whom will yield an average share of 
the refuse to be removed. The calculations of Water Com- 
panies are usually based upon the rental paid for each house 
as an index to the consumption of water within it, and in 
tbis way they recognise an almost infinite number of 
classes. It is clear, however, that the mere rental fur- 
nishes no exact criterion of the- number of occupants of a 
house. Nor would the number of rooms in a dwelling 
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show this with much more accuracy. On the contrary, it 
is well known, that houses of small rental and compara- 
tively few apartments ai*e frequently receptacles of a greater 
numher of human heings than the more costly and capa- 
cious habitations of the wealthy classes. Nevertheless, it 
is a fact, that, with the present habits of the poorer sections 
of the population, the rental is generally in approximate 
proportion to the quantity of water consumed, — a fact to be 
accounted for only upon the recognised and deplorable 
principle that poverty and uncleanliness are mutual ex- 
ponents and companions in the social condition of civi- 
lised beings. 

390. We have estimated (283) 20 gallons as the average 
daily quantity for each inhabitant of a town, and have sup- 
posed this quantity to be sufficient to allow also for an or- 
dmary proportion of manufacturing operations, for the sup- 
ply of public buildings, and for the extinction of fires (284). 
This estimate is founded upon the experience had m several 
towns in which the supply is considered adequate. Eeserv- 
'mg the details of the appropriation of this quantity for the 
next section, we now refer to this general estimate as the 
datum upon which the proper supply of water to dwelling- 
houses should be provided, and as being at* least approxi- 
mately correct, if ihe service be constant, and proper in- 
ducements be offered to all classes to cultivate habits of 
cleanliness. We would, therefore, subdivide the Fir^t Class 
of Buildings or Dwellings according to the average number 
of occupants of each, and provide the means of water-sup- 
ply and drainage accordingly. 

301. The Second Class of Buildings, or Manufactories, 
including all consumers beyond households, admits of a 
subdivision according to the operations carried on. Che- 
mical works, including those for dyeing, calico-printing, 
&c., rank high as consumers of water. Factories for tlie 
making of paper, distilleries, breweries, bakehouses, malt- 
ing-rooms, slaughter-houses, ^tables, &c., also consume 
large quantities. Steam-engines are among the wholesale 
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consumers. The charges made by the Nottingham Trent 
Water- Works Company are worth quoting in reference to 
the consumption of water, as their supply is constant, and 
provides for high-service, the two essential conditions of a 
complete water-supply. The charges for house service (ac* 
cording to rental, varying from 61. to 1001.) are from 5«. to 
605. annually, being lOs. for 101. rental ; 20$. for 2Sl or 2U, 
rental ; 805. for 39/. or 40^ rental; 4d#. for 602. rental; 50#« 
for a rental from 71/. to 75/.; and 60». for 100/. rental. Th« 
incidental charges are as follow : — 

i. d. 

Stable and one horse • . 4 

Stable and more than one hone, for each hoiM . . . .26 

Cows, each ,.16 

Warehousei — vpwardf from . . , • . . .50 

Offices 5 

Gardens 2 6 

Private baths in dwelling-houses • 10 

Slaughter-honses 

Water-olosets in private houses . . . • . , , 10 

Water-closets in warehouses, &c . . 20 

Yictuallers' brewhouses, two brewings per week , . . . 20 
Ditto ditto, less than twice per week. . . . 16 

Pipe for watering street in front of private house . . . .70 
Boilers of high-pressure steam-engines, working 10 hours per day, 

per horse power «... 9 

Lace-dressing tooms, per yard in length, tingle framef . . .09 
Ditto ditto, double frames , . - • . . .10 

Bakehouses . 5«. to 8 

Mult-rooms, per quarter of malt contained in steeping cistern . .26 
Water consumed in erection of new buildings, per yard superficial 

ou plan of each story 1 

Water consumed in erection of fence walls, per yard superficial . 0| 
Hill-hands, for drinking and washing only, per individual em- 
ployed OS 

Workhouses, including baths and washing rooms, per individual on 
the average of the whole year 8 

The supplies to dyers, &c., are estimated and charged for 
according to the size of the service pipes, by the following 
scale : — 
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'"■'■'■■ " 
Supply. 


Chwgf, 


Gallons. 


£ * d. 


60,000 


1 10 


100,000 


2 12 


• 200,000 


4 12 


800,000 


6 10 


400,000 


8 6 


600,000 


10 


600,000 


11 12 


700,000 


13 2 


800,000 


U 10 


900,000 


15 16 


1,000,000 


17 


2,000,000 


_82 


8,000,000 


45 



The waste water from condensing steam-engines of 500- 
horse power in the aggregate will amount to at least 1500 
gallons per minute, or 3 gallons per minute per horse 
power. 

892. Public buildings requiring constant service are to be 
divided according to the number of residents or persons to 
be supplied. Thus, union workhouses, prisons, lunatic 
asylums, &c., are to be provided at the minimum rate of 
30 gallons per diem for each occupant. Baths and wash- 
houses require quantities in proportion to the maximum 
number of bathers and washers. Churches, theatres, and 
other places of -public congregation are to be supplied for 
cleansing purposes according to the cubic contents of each 
building. In the baths, it may be estimated that a bulk of 
water measuring 6 ft. in length by 1| ft. in width, and I ft. 
in depth will suffice for the ablution of each person. This 
quantity of water will equal 9 cubic ft., or about 54 gallons. 
The cost of supplying 1000 gallons by the Nottingham 
Trent Water-Works Company is, as we have seen (para- 
graph 319) 2'88t/., or nearly Sc?., and, as this quantity will 
be adequate to supply about 19 baths, the expense of water 
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per bath will be something less than one-sixth of a pennj. 
The expense of fuel for heating 100 hogsheads of water- 
sufficient for 100 of these baths — ^from a medium temper- 
ature of b^" to 9S^, including the replacing of heat lost by 
radiation, evaporation, and conduction, may be taken at 
about 540 lbs. of Newcastle coal, which at London prices 
may be averaged to oost.6«. The cost of heaUng each bath 
will thus amount to about *75(/., and including the water, 
•016(/., or less than Id. If as much more be added for 
attendance, and a similar amount for interest on capital in 
building, and for incidentals, it appears that a hot bath may 
be well afforded at a charge of 8J. 



SBOTION II. 



Supply of Water L6Telt.— Conttant Senrice. — Qaantity required. —Ciitenif. 
— Beservoin. — Filten. — Yalvei and Apparatuf . — Piping, ke., &c 

393. The relative levels at which water is required to be 
supplied to buildings in a town will necessarily govern the 
height to which the main quantity must first be raised. But, 
practically, as the entire arrangements of the supply should 
be devised to command delivery at and above the most ele- 
vated of the buildings, the heights at which the delivery 
actually occurs will be found to affect only the current cost 
of raising, or the duty to be exacted from the power em< 
ployed. And if this power be derived from steam-engines, 
its cost will appear to be insignificant in comparison to the 
space through which the water is raised. The expense of 
raising 1000 gallons to an average height of 80 ft. is found 
by the Trent Company to be, excluding interest on capital, 
less than 1^(/., and the cost, according to Mr. Wicksteed's 
Table of Kesults (page 143), of raising 1000 gallons to a 
height of 100 ft. with a single pumping engine on the ex- 
pansive principle, excluding interest on capital and repairs 
of machinery, is less than one-sixth of Id,, or 'I6d, Al- 
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thougli {he first cost of engines and pumping machinery of 
this class is very heavy, it will be a liberal allowance to ba- 
lance this with the remaining 'S6d,, and we shall then have 
an average current cost of Id. for raising 1000 gallons to 
an elevation of 100 feet From this it will be readily in- 
ferred how small a difference will arise from diminish- 
ing or increasing this height to the extent of 20, 50, or 
100 ft. 

394. The necessity for constant service, great as it is in 
all buildings, is still more imperative in supplying those of 
which the demand is of a variable character. In certain 
seasons, when the occasion for repeated bathing of persons 
and cleansing of apartments is greatest, these duties require 
a much larger quantily of wat^r than will suffice at other 
periods, and this demand of course increases in the same 
ratio with the number of persons and apartments to be 
supplied. Thus workhouses, prisons, and all public asy- 
lums vary considerably from time to time in the quantity 
of water required, and all methods of supply, short of con- 
stant service, and all provision for storage, fail in one way 
or another in securing the constant and unlimited command 
of fresh and pure water. Thus, house-tanks, cisterns, and 
reservoirs, however capacious and well designed, serve to 
receive only limited quantities ; and if these be ample for all 
purposes, it follows that if the consumption be lessened the 
greater quantity of water will remain in a stagnant condi- 
tion, to be added to but not replaced by the next delivery 
from the maui. The lower body of water in the cistern 
will thus remain slightly changed, and stirred up only, and 
in this way a lower bed of impure water, surcharged and 
rendered heavy with deposited matters, gradually accumu- 
lates, suffering a slow diminution by the proportion- of im- 
pmity which it imparts to each portion drawn off for imme- 
diate use. Pure or fresh water is, by this arrangement, put 
altogether out of the question.- 

395. In large public asylums, properly constructed, ar- 
rangements would be made for supplying a bath at least 
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onoa a week for every inmate. For this purpose an institu* 
tion having 1000 residents would require weekly 54,000 
gallons, or about 6000 cubic ft. of water. And if the 
supply be derived by a daily delivery, and the bathing be 
divided equally over 6 days in the week, a tank to hold the 
quantity for bathing only must have a capacity equal to 
1000 cubic feet, or of the minimum dimensions of 20 ft. in 
length by 10 ft. in width, and 6 ft. in depth. The other 
purposes of cleansing would require (allowing W gallons 
per diem for each individual) 66,000 gallons weekly, or 
11,000 gallons daily, and a tank to be daily emptied and 
refilled of the capacity of about 2000 ft, or measuring say 
20 ft in width and length, and 6 ft. in depth. For con- 
tingencies, provision should be made for about half this 
quantity in addition, and thus the entire capacity of the 
tanks riipuld equal 4000 cubic ft., or dimensions of 80 fb. 
in length by 10 in width and 5 in depth. And if the con» 
sumption one day be reduced one^fourth, and the tanks.be 
not emptied beforo the fresh delivery, which it is practically 
impossible to effect,^^this quantity of stale water will re- 
main in the lower part of the tanks, and each day^s reduced 
consumption will tend to increase the impurity of tbe water, 
unless duphcate tanks be provided, and a large amount of 
water be wasted in their periodical cleansing. 

806. In eases where the constant service of water cannot 
be obtained, and it consequently becomes necessary to pro* 
vide cisterns for buildings, they should be so constructed 
and furnished as to combine the operation of filtering with 
the purpose of storing the water. For this purpose the 
best form of cistern will be that of which the bed inclines 
downwards, so that the discharge pipe may be inserted at 
the lowest point, and the ^vater always drawn fix)m that pert 
of the cistern. The material used being commonly slate, 
the bottom may still be formed in a single slab for house 
cisterns (so as to avoid extra joints), declining in both direo* 
tions. The filtering media, consisting of beds of sand and 
gravel of different degrees of fineness (as described in 
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Part Im p. 64), will be airanged in horizontal layers, except- 
ing the lower one, which will lie in the bottom of the cis- 
tern, and be dressed to a level on its upper surface. The 
head of the discharge pipe should be protected with a fine 
wire-gauze cap, to prevent the gravel washing into the pipe. 
Below this pipe another cistern for the filtered water should 
be provided of proportionate capacity, and if the process 
be too tedious to admit of the filtration of all the water 
used, that for inferior purposes may be drawn firom a pipe 
entering the cistern just above the filtering beds. 

897. The superior quality of rain water in respect to its 
Bofitness, as compared with water from all other sources, 
renders it exceedingly desirable, in an economical view, that 
all thd supply derivable from this source should be cai*efully 
collected and preserved. In towns this water is commonly 
wasted, or at least allowed to subserve only the inferior 
purpose of assisting the flow of the drainage. Yet the 
quantity which might, by efficient arrangements, be com- 
manded of this superior water is by no means insignificant. 
The roof of a house of the average dimensions of 20 ft. 
square, presenting a plane surface of 400 square ft., receives 
at least 800 cubic ft. of rain water annually, or about 4800 
gallons. If well-constructed and capacious gutters are 
provided, this quantity may be collected with little loss 
from evaporation, and will form a reserve stock for such 
special household purposes as it is peculiarly adapted for. 
This quantity should be immediately received in a filtering 
tank, and the best available method be adopted of purifying 
it from the carbonaceous matters with which it becomes 
saturated in passing through a smoky atmosphere and 
flowing over roof-surfaces covered with a deposit of similar 
impurity. An economical and well-devised apparatus for 
effecting this purpose, and applicable to private and public 
buildings of all classes, is a desideratum yet wanting in the 
economical supply of water. 

898. All valves and other apparatus for regulating the 
admission and use of water in buildings are required to be 
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constructed in the simplest and most efficient and durable 
manner. Complicated contrivances are utterly inadmissible 
to be entrusted to the ordinary carelessness and inattention 
with which these things are treated in separate households. 
Apparatus of costly construction will never receive the 
sanction of landlords, nor will temporary tenants incur the 
charge of expensive repairs, or devote regular attention to 
keep ball-cocks and similar appendages in working order. 
And in proportion as the rental of houses is less, these 
difficulties are increased. Landlords become more par- 
simonious, and tenants less interested and more neglectful. 
In this point of view the advantages of constant and high 
service are rendered more conspicuous than in its applica- 
tion to tenements of a superior class in which a higher 
rental enables the landlord to be liberal in the construction 
and appliances of the building, and the tenant shares hi^ 
disposition to preserve their proper action in order to secure 
his own comfort and convenience. 

399. If the rain-water be not collected for household 
cleansing purposes, it should at least be made as efficient 
as possible for scouring the house-drains. An apparatus 
for this purpose has been suggested by Mr. W. D. Guthrie, 
a gentleman who has paid much attention to the subject of 
town sewerage, and was one of the early advocates for the 
use of small tubes in substitution for the larger drains, 
constructed of brickwork, which were formerly prescribed 
by Commissioners of Sewers as the only form of channels 
which should be permitted access to their subterranean and 
gigantic sewers or extended cesspools. Mr. Guthrie pro- 
posed that the rain-water from the roof be conducted into a 
cistern, the lower part of which should be formed like an 
inverted cone, and fitted with a conical valve at the head of 
a pipe, discharging into the house-drain. This conical 
valve is to be attached to a vertical chain above it, and con- 
nected with ijiie short end of a lever to the other arm of 
which a cord or chain is fixed, and by which the valve may 
be occasionally raised from its seat, and the water dis- 
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charged from the cistern into the drain-pipe with a force 
proportional to the quantity in the cistern. *From the 
upper part of the cistern a waste pipe is to descend ei^ter* 
nally and communicate with the drain pipe below the valve, 
so as to prevent the cistern overflowing, in case the water 
accumulates faster than it is discharged ; the lower end of 
the waste-pipe being trapped, to prevent the effluvium in 
the drain-pipe passing into the cistern. 

400. One of the most important of the occasional ser- 
vices for which a supply of water is required for applicadon 
to buildings is, the extinction of accidental fires. For ex- 
tensive buildings, such as warehouses, factories, and work- 
rooms, tanks have been suggested, and, in some cases 
adopted, in which a considerable quantity may be con- 
stantly stored and ready for instant application for this 
purpose. This arrangement is, however, scarcely applicable 
for private buildings, and, where it is employed, the quan- 
tity commanded is of course limited, and can never be 
safely trusted to as affording an adequate supply for ex- 
tinguishing the fire. In this application of water, again, 
the system of constant service offers great advantages. 
Thus, if the mains are kept always filled, an adequate 
supply is at all times at hand in every direction, and the 
grievous losses and dangers incurred by delay in obtaining 
water on these occasions are avoided. 

401. The combination of high service with constant ser- 
vice in the supply of water also affords the means of in- 
stantly applying jets of water upon the fire until the fire or 
pumpihg-engines arrive. These jets are thus available as 
substitutes for the engines, and the experiments made to 
ascertain the height to which a jet of water will rise fi:x)m 
the 'main and . service-pipes under a fixed pressure, have 
shown considerable facility in applying jets for this purpose 
and a corresponding efficiency in their action. The prac- 
tical limitation to this mode of deliveiy appears to arise 
fix)m the extent of supi)ly required, Hie economy of the use 
of jets depending upon the amount of pressure that can be 
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obtained, iftttd the small utiinber of jets which will suffice 
for the extitiction of the 6re. The available power hi this 
<!kse is found .to decrease hi proportion to the extent to 
which it is employed, and the loss bj friction in the leather 
hose reduces the deliveiy, and, consequently, the height or 
force of the jet, S^ per cent for every 40 lineal feet of hose 
through which the water passes. The importance of the 
results of the experiments with jets here referred to wiU 
justify a brief account of them in this place. They were 
tried on the 81st of January, 1844, upon jets supplied from 
the mcdns and services belonging to .the Southwark Water* 
Company, under a fixed pressure of IdO ft 

The first experiment was made over an extent of 800 
yards of 7 in. main, which were c<Mmected with 500 yards 
of 9 in., this length being joined to 200 yards of 12 m., 
continued by 550 yards of 15-inch main to the great main 
leading from the Oompany*s works at Battersea, the total 
distance from the works to the experiment being 5500 
yards. The heights to which the water was thrown from 
2|-inch stand pipes, with 40 ft. of hose and a f -inch jet, 
were as follows : — 

With 1 stand pipe the water rose 60 ft. 
2 » „ 45 „ 



3 
4 
5 
6 



40 
35 
30 
27 



When all the fire plugs on the main were closed, except 
the first and one 2i-inch stand pipe, and 160 ft. of hose 
with a ]^-inch jet applied, the water rose to a height of 40 ft. 
The quantity of water delivered from the same (7 in.) 
main through one stand pipe, and different lengths of hose, 
was as follows : — ' 



With 40 ft. of bote . 
^ SO „ . • 

«160 „ . . 

w 40 ft. and 24-iD. jet . 



. 96 gallon) in £9 lecoada. 
. 112 „ 65 „ 

.ii« „ ro „ 
."8 » «r „ 
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The gedond experiment was made with a 94neh main 1400 
yards in length, joined to a 164nch main of 1000 yards in 
length, and at a distance of 6650 yards from the works. 
The stand pipes used were ^^ in., the hose 40 fit. long, and 
the jet i inch, as before. 

With 1 stand pipe the water rose 60 ft. 

,, 2 „ „ . , imperceptible difference. 

». 4 „ „ 45 ft. 

« 6 M H ^Oft. 

The quantily delivered with the same pipes, length of hose, 
and size of jet, being 

With 1 itand pipa . . • « 114 galloni in 64 Mcondi. 
f> ^ » f§ * • • • 115 II 76 „ 
««>,#.. . . . 112 „ 78 „ 
These experiments, with the two sizes of main-pipe, will 
indicate the rate at which the quantity is diminished by 
the friction of the water in smaller pipes,.a result confirmed 
by another experiment made with the addition of 200 yards 
of 4-inch service and 200 yards of 6-inch pipe to the 9-incK 
main last referred to. The hose, 40 ft. long, and the jets 
f inch, as before. 

With 24-inch stand pipe fixed on the 4-inch Benrice near the 5-inch 

pipe, the water rote 40 ft. 

With 2 do. do. do. . . . 31 ft. 

With 1 do. fixed at end of aenriee, or 200 yards from 

fi-iaeh pipOi the water rote 34 ft. 

With 3 do. do. do. . . 23 ft. 

The quantity delivered in each of these last four cases 
being respectively as follows: — . 

112 gallons in 63 seconds. 

in „ 103 „ 

112 „ 90 „ 

114 „ 118 „ 
402. In an interesting paper by Mr. James Braidwood, 
upon the means of applying water for the extinction of 
fires« read at the Institution of Civil Engineers, it is shown 
that elevated tanks for a reserve of water for this purpose 
should be adapted to conttdn 176 tons of water for each 
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fire-engine to be employed. This allows for six hoars 
working of an engine having two cylinders of 7 in dia- 
meter with a stroke of 8 in., making 40 strokes each per 
minute, and fitted to throw 141 tons of water in six hours; 
and, allowing one fourth for waste, the supply required will 
be as stated, 176 tons. In the case of a^large building, 
provision should be made for working ten engines for this 
period, and the quantity required will be 1760 tons, or 
63,360 cubic feet of water. From this calculation, it will 
be evident that the dimensions of the tanks would be 
enormous. If steam engines can be commanded upon the 
premises to maintain the supply through the mains, the 
reserve may be reduced to a consumption for two hours, 
before the expiration of which time it may be expected that 
the engine could be got to work. This provision is such 
as may be supposed requisite in dockyards and for large 
stacks pf warehouses, manufactories, &c. 

403. In the town of Preston, the advantages of the con- 
stant and high service have led to the general use of jets 
and the comparative disuse of engines for the extinction of 
fires. For this purpose the hose is carried upon a reel, 
and should be fixed upon a light spring cart^ by which the 
ladders may be also conveyed. The ladders are found to 
be invaluable appendages for the economical application of 
the hose without the engines, because the higher the water 
is carried upward in the hose, that is, the higher the nozzle 
of the hose is placed, the less is the resistance suffered from 
the atmosphere. If a jet forced by a pressure of 100 ft 
attain a height of 60 ft when delivered at the ground level, 
it will still attain an additional height of 20 or 26 ft., when 
the nozzle is carried up these 50 ft, and the discharge will 
then take place at a total height of 70 or 76 ft. from the 
level of the ground. And another advantage derived from 
carrying the hose as high as possible is, that of command- 
ing a more effective discharge of the water than can be 
obtained when the direction of ^e jet is conducted on the 
ground. 
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404. The piping for the conveyance of water to buildings 
has to be graduated in capacity according to the quantity 
required, in the same way that the mains and service-pipes 
. are proportioned to the extent of district and number of 
buildings they are intended to serve. In supplying towns 
with drainage water collected in high reservoirs, and thence 
conveyed by aqueducts to " distributing basins,'* Mr, Thom 
adopted a general system of piping, which is so arranged 
that the water shall always flow within them in one direc- 
tion, entering at the upper and passing to the lower end. 
At the lower end of each range of piping a cleansing cock 
is provided, by opening which occasionally any improper 
accumulation within the pipe may be removed. The pipes 
are kept constantly full, and laid at a minimum depth of 
3 ft. below the surface of the pavement. In some cases, in 
order to provide very fine cold water to private houses, an 
iron cistern, to hold about HO gallons, is sunk 8 or 10 ft. 
below the bottom of the cellar, and supplied with water 
through a small lead pipe entering it at the top, while the 
water is drawn off for use through another small pipe, 
inserted a few inches above the bottom of the cistern. It 
would appear, however, that the cleansing of cisterns thus 
situated must be a somewhat troublesome duty, aad the 
means of regular access to a cistern so deeply sunk in the 
ground must involve a considerable additional expense in 
construction. 



SECTION III. 

Varieties of Hanu&ctnres and best avulable Methods of Draining. — 
Arrangement of Separate and Collective Drains. — Proportion of Area of 
Drain to Cubic Contents of DwelHng-Houses. — Fall of Drains.-— Hode of 
Constmction. Connection with Main or Collateral Sewers. — ^Means of 
Access, &c., &e. 

405. The severid operations carried on within a building 
devoted to manuflEUSturing purposes should afford the data 
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upon whieh to determine the extent of dminage required, 
but the most ready way of estimating the amount of refuse 
waters produced, will be reached by assuming this to equal 
the supply of water rendered to the building. The appli^ 
cation of the same rale to domestic buildings or dwellings 
admits of a more exact calculation as to the capacity of 
drains required, but these must all alike be governed by 
the principle, that ample capacity for immediate discharge 
is to be sought, with due regard to the fact that all passages 
for the conveyance of liquid or semi-liquid matters are effi- 
cient in proportion to the narrowness of the surface over 
which these matters are required to flow. This is one of 
the most important results which recent inquiries have estit- 
blished. Bewers and drains were formerly devised with the 
single object of making them large enough, by which it was 
. supposed that their full efficiency was secured. But sluggish- 
ness of action is now recognised as the certain consequcQce 
of excess of surface equally as of deficiency of declinatioa 
A small stream of liquid matter extended ove? a wide sur- 
face, and reduced in depth in proportion to this width, 
suffers retardation from this circumstance ae well as from a 
want of declivity in the current Hence a drain which is 
dispr(5portionally large in comparison to the amount of 
drainage, becomes an inoperative apparatus, by reason of 
its undue dimensions ; while, if the same amount of drain- 
age is concentrated within a more limited channel, a greater 
rapidity is produced, and every addition to the contents of 
the drain aids, by the full force of its gravity, in propelling 
the eptire quantity forward to the point of discharge. 

406. There are fomr conditions which are to be regarded 
as itidispensable in the construction of all drains from all 
buildings whatsoever. These conditions are-^First That 
the entire length of drain is to be constructed and main- 
tained with sufficient declivity toymrds the discharge into the 
sewer to enable the average proportion and quantity of 
liquid and solid matters committed to it to maintain a con- 
stant and uninterrupted motion^ so that stagnation shall never 
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oeetnr. 8«concL That the entire length of drain is to be 
eonstnieted and mamtained in a condition of complete frnper- 
medHlity, so that no portion of the matters put into it shall 
aeeidentaliy escape from it Third. That the head of the 
drain shall be so efficiently trapped that no gaseous or volatile 
properties or products can possibly arise from its contents. 
And, Fomth. That the lower extremity of the drain, or the 
point of its communication with the sewer, shall be so pro- 
perly, completely, and durably formed, that no interruption 
to the flow of the drainage or escape shall there take place, 
and that no facility shall be offered for the upward progress 
of the sewage in case the sewer becomes surcharged, and 
thus tends to produce such an effect. 

407. These conditions appear so simple in their state* 
ment, that we are disposed to regard them as self-evident 
necessities, yet an acquaintance with the details of house- 
drainage as commonly regulated reveals the fact that they 
have been generally neglected, and that, at the best, the at- 
tention they have received has been most unwisely crippled 
by considerations of cheapness in first cost at the expense 
of permanent economy and usefulness. Thus we know 
that house drains are frequently laid \ with very imperfect 
fall, not sufficient indeed to propel the matters sent into 
them except with the aid of gushes of drainage-water ; that 
they are often composed of defective and carelessly-built 
briokworic with wide joints of sandy mortar ; that the head 
of the drain is commonly imtrapped ; and that the entire 
formation is badly designed and defectively executed. We 
will endeavour to show the arrangements by which the effi*^ 
cient action of the separate drains of houses and other 
buildings is most likely to be secured. 

408. The utmost practicable declivity being obtained in 
the direction of the drain, the efficiency of its action will 
be further much controlled by the construction adopted 
and the kind of surface presented to the sewage. Any. 
roughness or irregularity in this surfitce will of course im- 
pede the passage of the tfiwtt/g^t and henoe ariaes tiieneeea- 
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sity for the greatest care in the constraction, whatever the 
material and kind of formation. The first step in the 
arrangement is, to collect the whole of the drainage to one 
point — ^the head of the intended draining apparatus, and 
the determination of this point requires a due consider- 
ation of its relation to the other extremity of the drain at 
which the discharge into the sewer is to take place. In 
huildings of great extent this will sometimes involve a 
good deal of arrangement, and it will, perhaps, hecome de- 
sirable to divide the entire drainage into two or more points 
of delivery, and conduct it in so many separate drains to 
the receiving sewer. The length of each drain being thus 
reduced to a manageable extent, the necessary &11 will be 
more readily commanded, and the efficiency of the system 
secured. 

409. The cost of constructing these minor works, and 
also the main sewers with which they are connected, is so ^ 
enormously aggravated by the depth to which they are fre- 
quently laid in order to accommodate the basements of 
buildings, that, for the sake of economy, basement-drainage 
should either be altogether abandoned or so modified that 
efficiency shall never be sacrificed in a vain attempt to re- 
concile the depth of the basement with the position of the 
sewer. In arranging the drainage of biuldings, therefore, 
the head of the drains should be kept at the minimum 
depth which will suffice to sink the construction beneath 
the surface. We have already (858) expressed a conviction, 
that a thoroughly perfect and economical system of town- 
drainage must recognise this as a leading principle, and 
under this conviction we could not be satisfied to admit 
the difficulty now experienced to be one which should en- 
cumber our proceedings so as to involve comparative inef- 
ficiency in action and extrave^ant costliness in construction 
and repairs. 

410. Although it is not within our province in this place 
to discuss the governmental measures which would be re- 
quired to authorise and direct such an adjustment of the 
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details of private drainage as would be necessary to Insure 
their conformity witli the principle here advocated, we may 
be permitted to observe that this direction was, to a con- 
siderable extent, assumed and exercised by the old Com- 
mission of Sewers, who always declared their authority in 
prescribing the manner in which private drains should 
alone be allowed to communicate with the sewers under 
their jurisdiction. These prescriptions determined the 
rate of declivity, the relative levels, and the dimensions of 
the drains, and were enforced by the Commissioners* exe- 
cution (by their contractors) of that portion of the work 
which jollied with the sewers. The regulations enforced 
in the City of London (and which, from its independence 
of the new consolidated commission, are, it is supposed, 
still enforced) are based upon the following calculation, the 
stated principle being that *'A house cannot be called 
effectually drained unless the water is taken away from the 
floor of its lowest story."* 

Ft In. 
Take tbe leut height which a basement story ought to be . .70 

Thickness of a timber flooring on sleepers 9 

Coyering of the dram, say brick flat ^ 2| 

Height of drain inside .0 9 

Current of drain inside the premises, say, 1 in, to 10 Jt for a honse 

50 ft. deep 5 

Current outside the house, t. e, in the street 3 

Height of cross-drain aboye the bottom of main-drain, at least , - 6 

9 10^ 
This would give (0 ft. 10| in., or) 10 ft., at the least, 
depth from the surface of the street to the bottom of a 
main drain (of 18 in. diameter), and this may be fidrly 
assiuned as the least depth at which a private house of the 
most ordinary description can be effectually drained ; but 
this considers it only as for the drainage of one house. 

* It should be borne in mind that this principle becomes impncticable if 
the lowest story of any house should, at the free will and option of itf 
owner, haye another '' lower deep" excavated below it, a praetice which hat 
been indulged in in the fomwiion of some of the leriathan warehoutei in the 
City. 
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<<Wh6n ft series of houses, situate in a public way, 
inhabited by some who will use, and some who will not 
use, a drain feirlj, is to be drained, the question has to be 
looked at differently. 

Pt In. 
** For A retail ibop, in whieh tht baiemtiit story ii often ttied m ft 
wArehonte, it cannot bo vnreaaonable to ny that the story shall 

not bo less in height than 8 6 

Flooring 9 

Covering of drun 2^ 

Hdght of drain 18 

Cnrrent insido . • 5 

Current otttsido 8 

Height above bottom of common sewer • • , .16 

12 10| 

*'As it may be said that a story of less height might 
do as a wareroom, and, in order to keep the calculation 
as low as it fairly can be kept, I would assume that th^ 
bottom of a common sewer ought not in any part to be 
less than 12 ft. beneath the surface of the street."* 

We have thus quoted these calculations at length, in 
order that we may be enabled to refer to the details as- 
sumed without fear of mistaking the meaning of the official 
provisions of the Commissioners. 

411. By another of the regulations of the Commissioners 
of the City Sewers, affecting the details of the house drains, 
we find that since the year 1832 the Commissioners have 
required that their own tradesmen should be employed to 
mike the whole of the drains up to the front of the build- 
ings, these drains, 15 in. in diameter, bemg charged at the 
rate of 5«. 6(2. per lineal foot. And the reason alleged for 
this regulation was, that the Commissioners, found great 
difficulty in getting individuals to make the drains sub- 
stantially. 

41d. The regulations laid down by the Commissioners oi 

* " Memofaadiimy" laid bofon tlio Court of CommiHionm of Sawwi te 
the City of London, &c., by their late Surreyor. 
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flowers for Westminster for the construction of private 
drains were as follows :—-** That no drains shall be laid into 
a public sewer, without a special leave for that pui'pose 
ftota the Commissioners. That when such leave shall be 
obtained, the opening into the sewer shall be made, and 
the drain built, for a length of 3 ft. from the sewer, accord- 
ing to a plan and section approved by the Commissioners ; 
the whole to be done by a workman to be employed by the 
Commissioners, and paid by the party requiring the drain, 
at the prices undermentioned: — For cutting through the 
springing wall of a sewer, putting in a cemented brick ring, 
and soundly underpinning the wall round the same, the 
sum of 10s. 6rf. for each opening. For building a length 
of 8 ft. 4 in. of 9-in. bari'el drain, with proper York keel 
stone, sound stock bricks and blue lias lime mortar, the 
sum of lOs. M. for each such length of dram. For the 
same length of 12-in. barrel drain, Ids. 6<i. The digging to 
be done at the expense of the party requiring the drain ; 
and notice to be given at the office of the Commissioners 
when the excavation shall have been made, in order that an 
officer may attend, and that a workman may be sent to do 
the required works. As a guide to persons about to build, 
it is recommended that the private drain of each house or 
'other premises have a current not less than a quarter of an 
inch to each foot in length, miaking in the length of 00 ft. 
a fall of 15 in., to which, adding 18 in. for the height of 
the drain and brick arch over it, also 8 in. for the depth of 
ground and paving over the drain at the upper end, and 
IS in. from the lower end of the drain to the bottom at the 
side of the sewer, will make, in the whole, 4 ft ftom the 
bottom at the side of the sewer to the lowest pavement of 
the building, being the least height necessary to guard the 
premises from being flooded by water from the sewer." 

413. These notices of the regulations which were enacted 
and enforced by two of the old Commissions of Sewers are 
sufficient to show that the powers which may now be 
requh^ for instituting an entire system of hous&4rainage 
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under public authority, or that deriyed from a Commission 
under the Great Seal, would be no new entrenchment upon 
private rights. The following order of the Westminster 
Commission declares its power to d&iy the right of drain- 
ing into the public sewers if the depth of the building 
would require a rate of decliTitj less than then deemed 
necessary to insure the proper action of the dnun : — '* The 
Commissioners give notice, that whenever the lower floors 
or pavements of buildings shall have been laid so low as 
not to admit of their being drained with a proper current, 
ihey will not allow any sewers, or drains into sewers, to be 
made for the service of such buildings." 

414. The regulations we have quoted are, we submit, 
sufficient to show also that the details thus prescribed were 
not calculated to contribute to a system of efficient house- 
drainage, being inadequate, in some of the several indis- 
pensable conditions before stated (406). 

416. Thus for cylindrical drains of 9 in. in diameter, a 
construction composed of the ordinary rectangular bricks, 
with mortar joints, is essentially unsuitable and imperfect, 
being unavoidably permeable to a considerable extent ; the 
irregularities which occur at every joint, moreover, impiur 
most seriously the eflfectiveness of the declivity which, if 
only 1 in. in 10 ft., or 1 in 120, as allowed in the City of 
London, is, even if fully preserved, inadequate for the pur- 
pose. The Westminster allowance of a quarter of an inch 
in each foot, or 1 in 48, is barely sufficient to make the 
rapid passage of the sewage a matter of certainty. And 
drains are much more likely to act efficiently if laid with a 
fall of 1 in 20 or 30. These regulations illustrate the two 
alternatives to which the present system reduces the prac- 
tice and the utility of house-drains. In the one diVision 
we have an utterly inefficient declivity of 1 in 120, coupled 
with a minimum depth of 12 ft. from the bottom of the 
common sewer ; while, in the otheir division, the Commis- 
sioners, with an arbitrary kind of wisdom, decline to at- 
tempt the task of draining any premises with basements 
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'* laid so low as not to admit of their being drained with a 
proper current" The "propriety" of the current would, 
however, be considerably enhanced by still increasing the 
fall of 1 in 48, which they adopted. 

416. The common occupation of the basement stories of 
houses as kitchens and water-closets, has made it appear 
desirable to depress the drains and sewers, in order to 
receive the refuse matters below the level of these base- 
ments ; but as this object involves one or both of the evils 
we have pointed out, viz. deficient declivity and consequent 
stagnation in the drains, and a general system of sewers 
sunk so deeply in the groimd that incomparable expense! 
and difficulty are created in construction, access, and re- 
pairs, the purpose of basement-draining should be aban- 
doned, and practicable methods sought of delivering the en- 
tire drainage immediately beneath the surface of the ground. 
If, indeed, no practicable methods could be devised of 
doing this so as to render basement-draining tmnecessary, 
it must of course be admitted as part of the purpose of 
house-drainage, in order to avoid the sacrifice of the healthi- 
ness of human habitations, which we all' readily admit 
as the final object of the art of draining towns and build- 
ings. 

417. The selection of the methods to be adopted for this 
piupose will be dependent mainly upon the internal ai*- 
rangements of the building and the occupation of its lower 
apartments. In the first place, water-closets must in all cases 
he constructed above ground^ or, at any rate, so nearly above, 
that the discharge shall take place within a foot or so of the 
surface. However valuable the ground-floor space of any 
premises may be, sufficient room may and always should be 
reserved for this purpose, as this level is the most desirable 
for the situation of these accommodations. If placed higher, 
they cannot be so readily aided with the sewage water pro- 
duced in the domestic offices, unless these occupy a simi- 
larly-elevated position ; and besides this objection, is that of 
having an unnecessary length or extent of drains above 
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the ground. The moei desuable airangemeni, therefore, 
is that which oolleots the entire drainage at or near the 
ground level, and there at once and immediately delivers it 
into the subterranean channels. If, however, it is in anj^ 
case unavoidable that the kitchen and similar domestic 
offices are situated in the basement of the building, it will 
be still equally imperative that all the sewage water shall 
be delivered into the drain at or near the ground level. No 
sink or other apparatus for discharging refuse water should 
be retained in the basement, and the extra labour of carry- 
ing this water up to the surface level, or head of the drain- 
age, must be incurred as the penalty of this misconstruction 
or misappropriation of the building. 

418. These arrangements, although involving expense in 
the alteration of some of the existing buildings in towns, 
are not to be magnified into impracticabilities. As essential 
parts of a general system conducive to the health of the 
entire population, they should be commanded and enforced 
by adequate public authority, and carried into immediate 
eiSect without favour or evasion. And in the construction 
of new buildings, they should be regarded as imperative 
general orders, sanctioned by the public well*being, and, if 
necessary, to be obeyed under official superintendenoe. 
The truth of principles and advantage of modes of action, 
established by experiment, should command their adoption 
without opposition, ^m tlie prevailing squeamish reluctr 
ance to interfere with private arrangements, which, be it 
remembered, are, if misdirected, really in these matters 
public nuisances. 

419. The keeping of the basement itself of a building 
dry by draining is not, we submit, to be acknowledged as 
a proper purpose of a correct general system. Sufficient 
and sound construction are alone needed to maintain base- 
ment stories -of any depth in a perfectly dry condition, if 
all sewage and rain-waters are, as they should be, collected 
and discharged into the sewers befor'e they reach the base- 
ment The draimng of the surrounding subsoil to the 
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entire depth of the foundation of a building is a want 
which cannot arise, if the entire structure up to the ground 
level is waterproof, which we contend it should be; the 
means of eflfecting this by the materials now at our com- 
mand, being of economical and certain application. 

420. Discarding brickwork and all similar constructions 
of small parts, as unsuitable for obtaining the imper- 
meability and smoothness of internal surface which are 
especially required in small drains, the current in which is 
often reduced to a very small quantity of liquid or semi- 
solid matter, we are led to seek some tubes or pipes, which 
shall require only annular joining at distant points, and 
thus admit of the regularity of surface which is so neees^- 
sary to assist the passage of the drainage. The stone-ware 
is now offered as a superior material for this purpose, ad- 
mitting of much greater economy than iron, and being 
entirely free from the chance of con'osion and permea- 
bility. By glazing the interior surface, moreover, tubes of 
this ware are made peculiarly suitable for adoption in 
forming drains; and carefiilly-made socket joints laid in 
the direction of the current are cheaply executed, if 
moulded cpnically and luted with a little cement of best 
quality. 

421. The size of the drain-pipes has to be graduated 
according to the quantity to be passed through them, limited 
in the minimum extreme so as to avoid stoppage from the 
excessive bulk of the sewage matters, and in the maximum 
extreme so as to obtain all the rapidity of progress of which 
a small stream of water is capable, retarded by the friction 
of the surface over which it passes. For moderate-sized 
houses, say of eight rooms, and holding some five or six 
persons on an average, a tube of 6 in. in diameter will 
suffice for the house-drain. The area of the drain may be 
proportional to the cubic contents of the house, but if so, 
in diminishing ratio. That is, if a 5-in. pipe will be large 
enough for an average-sized house, a pipe of double the 
area of such a pipe will not be required for a house of 



yGoogk 



168 TRIPPINO DRAINS. 

double the cubic contents, or holding double the average 
number of persons. A 6-in. pipe, laid with sufficient fall, 
will be ample for the most capacious private house. And 
from 9 to 15 in. will, under a similar condition, be sufficient 
to serve the average drainage of factories and other large 
consumers of water. 

422. The trapping of the head of the drain, so as to 
prevent the ascent of smell and impure gas from the drain 
into the building, is the next indispensable requirement in 
the draining i^paratus. So many contrivances have been 
applied for this purpose, that we will not attempt to make 
a selection ; and it is beyond our limits to give any general 
list or detailed description of them. Simplicity of con- 
struction and permanence of action are, of course, required, 
with the least original outlay at which these qualities can 
be obtained. If only one water-closet is to be provided 
for, it will be desirable to gather the discharge from it and 
from the house-sink, &c., into one trap at the head of the 
drain. If two or more closets are to be served, so many 
separate traps will sometimes become indispensable. But 
for eveiy separate inlet to the drain, which is equally an 
outlet for smell and gas, an efficient trapping apparatus of 
some kind is required. 

423. The lower connection of the house-drain with the 
public sewer is the last point of importance to which we 
have to allude. A perfect construction of this portion of 
the work has always been recognised as an essential feature 
of good drainage, and the Commissioners have accordingly 
stipulated that its execution should be entrusted only to 
their own contractors, and be subject to the inspection and 
approval of their own officers. The level of the bed of the 
drain, must be kept as high as possible above that of the 
receiving sewer. If the sewer be also constructed of the 
glazed stone-ware piping, lengths of it may be inti-oduced 
at convenient intervals, having outlet sockets for receiving 
the ends of the house-drains, and those being slightly ta- 
pered or conical in form will be readily jointed with a little 
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of the best blue lias cement or other of equal quality. If 
the sewer be constructed of brickwork, a good joint will be 
obtained by introducing a separate socket of stone-ware to 
receive the hou^e-drain pipe, and formed with a flange at 
the other end to surround and cover the opening in the 
sewer, which can then be made good with a ring of cement 
carefully applied. 

424. Means of access to house-drains are always desir- 
able in arranging the details of the apparatus. And this 
constitutes another reason against the deeply-sunk drains 
required to serve the basement story of houses. If the 
drains be constructed of glazed stone-ware pipes, carefully 
jointed, and laid in directions as nearly uniform as possible, 
the process of artificial cleansing and raking (should it ever 
become necessary) will be much facilitated. If any angu- 
lar turns are formed in the direction of the drains, it will 
be worth while to consider the practicability of fitting a 
movable cover at the angle, by removing which, direct ac- 
cess should be afforded to the two branches of the drain. 
A long pliant rod with a stiff brush or scraper at the end 
could then be readily introduced into the drain, and, if ne- 
cessary, these means of access by trap doors and remov* 
able covers should be afforded at intervals throughout each 
extended length of drain, so that thorough cleansing from 
the head of the drain to the outlet in the sewer could be 
performed as frequently as might be found requisite. Under 
a complete and efficient system of drainage the task of pe* 
riodically examining the separate drains from tlie buildings 
would be ordered and performed with all the regularity and 
readiness of a necessaiy duty, and the drains would be 
maintained in a state of constant instead of intermittent 
cleanliness. 
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SECTION IT. 



Wator-elowU; AiraDgtiDent and Coiistniction4--Adaptation to Tariow 
cifcumfttancet. — Combined Arrangements for Efficient House-Drainage. — 
Miscellaneous Apparatus and Contrivances. 

425. The best position for a water-closet in any building 
is that in which all the waste water shall be made the best 
use of in scouring the contents directly through the pan of 
the closet, and propelling them forward through the private 
drain into the common sewer. And since the matters dis* 
charged into the closet will be, if the house drain is re< 
served for its proper uses, more solid and less readily con- 
Teyed than the other sewage matters, it will, moreover, be 
desirable to place the closet as near as possible to the point 
at which the di*ain discharges into the sewer. The velocity 
and force of the liquid sewage are increased at the lower or 
sewer end of the drain, and its effect is thus augmented in 
scouring away the contributions of the closet But if this 
preferable position cannot b^ commanded for the closet, it 
must, at any rate, be so situated with regard to the head of 
the drain and the inlet for the liquid sewage, that these 
shall be behind or above it. When the closet and the 
house^sink are near to each Other, the water from the latter 
may be conducted directly into the ti^p or basin of the 
t^loset, and thus secure at otice a rapid discharge of its 
contents and a constant supply of liquid to*preserve its 
action and efficiency. 

426. The rudest form of domestic accommodation or 
open privy over a cesspool is a contrivance which deserves 
notice only on account of its several imperfections, and 
which will, it may be hoped, be soon reckoned among the 
obsolete mistakes of our forefathers. These cesspools are 
sometimes mere pits or holes excavated in the grpund, and 
the contents of course rapidly permeate the surrounding 
soil; by which process pits of this kind frequently are 
found to drain themselves, the perviousness of the material 
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permitting the escape of the sewage, so that little aocmuu- 
lation takes place within the pit itself until the whole 
neighbourhood becomes fully saturated with the drainage, 
which will then ooze through and appear upon the surface, 
or find its way through some defective foundation, and poi- 
son the basement of an adjoining building. Constructed 
cesspools formed with brickwork of substantial quality will 
prevent this saturation in proportion as their walls are care- 
fully and imperviously biiilt. The matters daily discharged 
into these depositaries accimiulate, and their decomposition 
is constantly proceeding and engendering gases of the most 
noisome and pestilential kind. The open privy formed 
over a pit of this description affords an outlet for the escape 
of these gases, which are thus regularly supplied to the 
building above or adjacent to the closet. If a trap or water 
basin and pan be applied to this privy, so that the pan dips 
into the trap, the escape of effluvia may be prevented so 
long as the trap is kept supplied with water. The supply 
of water for this purpose will, however, considerably aug<- 
ment the bulk of the sewage, and necessitate cleansing 
much more frequently than otherwise, tmless some defect 
in the joints of the work afford a passage for the liquid 
matters in the surrounding strata, or a communication be 
afforded with a drain. In this latter case of combination 
of a cesspool with a drain, a waste pipe may be laid from 
the former into the latter, so that the contents of the cess- 
pool shall always be maintained at the same quantity and 
depth ; the trap may then be dispensed with by attaching 
a vertical pipe to the lower part of the pan, so that this 
pipe shall dip into the sewage, and beihg thus constantly 
kept below its surface, no gas can pass upward through the 
pipe. The cost of the pan or basin and pipe required for 
this contrivance, if of stone-ware, will not exceed ld«. in 
addition to that of a common privy, and its advantages in 
preventing the escape of effluvia are obvious. The sim- 
plest and cheapest form of trap and basin is that in which 
they are formed in one or two pieces of the stone-ware, 
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and may be purchased at about Is. 6d. together. Allowing 
5^. 6d, for the fixing, and also providing and fixing a short 
length of pipe of the same material to connect with the 
trap so as to dip into the sewage, this complete trapped 
apparatus may, at a cost of IS^., be added to a common 
privy over a cesspool, so as to prevent to a great ex- 
tent the escape of effluvia into the house or adjacent 
building. 

427. The great importance, however, of avoiding all 
sources of unwholesome and offensive effluvia, and of pre- 
serving the foundations of the buildings and the substrata 
of the soil of a town in a dry and clean condition, creates 
a severe necessity for relinquishing cesspools, and all recep- 
tacles for sewage, within or connected with all buildings 
and places whatsoever, except those to which it is con- 
ducted for the purposes of collection and treatment. Tfis 
sole purpose of all house apparatus of water-closets^ sinks, and 
drains, and of all puhlic constructions of branch or tributary 
sewers, and main sewers, should be that of affording a passage 
for the conveyance of the refuse waters and other matters pro- 
duced in a town. This conveyance should be immediate, every 
particle committed to the entire ramification of passages being 
preserved in ceaseless motion until it arrives at the final collect- 
ing place, 

428. Discarding cesspools upon these grounds, we are at 
the same time led to the principle which should govern the 
whole of the details of house-draining apparatus, which 
should be so arranged and combined as to afford the fewest 
possible inlets for effluvia from the matters committed to 
the drains, and to make the total of the liquid refuse useful 
in advancing the cmTent witliin the drains. The position 
of the water-closet being determined (425), it becomes desi- 
rable to select the most economical and efficient construc- 
tion for it, and for the apparatus connected with it 

429. We have already (422) stated that the head of 
the drain, and every inlet to it, requires to be fitted with a 
trap to prevent the escape of effluvia, and this will equally 
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form an indispensable part of the closet apparatus. The 
perfect action of the trap will demand a means of suppling 
water on each use of the closet, and although all possible 
advantage should be taken of the house-sewage water in 
promoting the action of the drains, a separate and constantly- 
commanded source should be provided for this purpose. 
If the supply of water to the house or building be rendered^ 
upon the constant service system, a mere tap will be suffi- 
cient to afford the means of discharging a volume of water 
through the trap of the closet. If the water be supplied 
upon the intermittent system, a cistern or reservoir of some 
kind, provided for the house supply, must be made to com- 
municate with the pan of the closet by a pipe with a valve 
and apparatus for working it. For general use it is espe- 
cially desirable that economy and simplicity be combined 
in the whole of the apparatus of the closet. Delicacy of 
adjustment, requiring a complicated arrangement of parts, 
and a corresponding costliness of construction and repairs, 
and carefulness in management, is inadmissible in a design 
adapted for general adoption ; and combinations of levers 
and cranks, Hablo to accidental derangement and injury by 
roughness of, treatment, are therefore to be avoided as much 
as possible. The position of the cistern in relation to the 
closet will affect, in some degree, the force and efficiency of 
the volume of water discharged on each occasion; and, if 
the supply of water to the building be constant, the servicer 
pipe should be so conducted over the closet that the tap 
can be conveniently placed for admitting the required quan* 
tity. to the pan.^ If the supply is obtained from a house- 
cistern, this must, of course, be placed above the pan, and 
at such elevation that the water may acquire a sufficient 
impetus to flow with rapidity. 

430. The glazed stone-ware basins or pans, with syphon* 
traps combined, before referred to (4^6), are the most eco« 
nomical and effective for general purposes. These are made 
in several forms : viz. with the pan and trap in one piece, 
and adapted to communicate either with a vertical or a hori* 
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zontal draiti ; with a sepai-ate trap, having a screwed socket 
on the head in which the lower part of the pan is received, 
heing formed with a collar and screwed end ; or, as a some- 
what more complicated arrangement, consisting of a trapt 
with a flanged head and a separate dip pipe having a pro* 
jecting flange ahout its mid-length, and a spreading mouth 
ahove, into which the lower part of the pan is fitted with 
cement. The dip pipe, extending downwards into the trap, 
helow the level at which its contents flow out, is secured to 
the head of the trap hy holts passing through the holes in 
the flanges. The reason for making the pan separate from 
the dip pipe would appear to arise from a difficulty in form- 
ing them together with the wide projecting flange so as to 
give sufficient steadiness to the pan above. This latter 
form was designed especially for prison use, under circum- 
stances which do not allow of any fixed seat or framing 
above to which to secure the pan. The previous forms are 
found to answer all purposes in cases where this kind of 
support is afforded, and are preferable for their fewer num«> 
ber of parts. The pan in each of these forms of construe- 
lion is provided with an. aperture and inlet at the upper 
part, having a socket to receive the water-pipe. They are 
retailed at Uie price of Is, M, each, and recommended by the 
present authorities in drainage matters. 

481. The combined arrangements for efficient house- 
drainage comprise, besides the means of adequate water 
supply, as explained in section II. of this Division^ the 
water-closets, house-sinks, and drains in which the matters 
committed to the closets and sinks are conveyed and deli« 
vered into the public sewers. And if the rain-water foiling 
on the roof of the building and on the yard or space 
attached to the house, is not applied to any other purpose, 
it will have to be conducted into the drain to be discharged 
with the sewage. These waters being the purest of the 
contents should be received as near as possible to the head 
of the drain, and made to traverse its enture length, and 
thus exert all the cleansing action of which they are capable. 
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The house-sink or place at which the ordinary waste water 
of the household is discharged should communicate with 
the drain at a subsequent part of its course, and the closet 
he so placed that its contents shall traverse a minimum por- 
tion of the drain, thus reducing the liability to the escape of 
effluvia, and deriving the greatest scouring force from the 
accumulation of the rain and house waters. The drain 
being formed as a complete and impervious channel receiv- 
ing the entire sewage and waste waters of the premises, 
made easy of access and examination, and provided with 
traps at every opening or inlet for receiving the drainage, 
may be graduated in size from the one extremity to the 
other, and, if of considerable length, it may be provided at 
intervals with self-acting valves or traps to prevent the pos- 
sible return of any matters, waters, or gases, from the lower 
towards the upper end. 

432. Self-acting valves or traps are constructed of the 
stone-ware ; and the valves being hung at a slight inclina- 
tion, and well fitted with a rim on the meeting surface, 
they remain closed i^ainst any retrograde movement of the 
sewage or gases, but are readily opened by a slight force 
of water in the outward direction of the drain. Sink trapa 
are also formed of this material, with perforated ' heads 
or covers, and syphon bends below, which, remaining filled 
with the dminage water, prevent the escape of any effluvia . 
from the drain into which th^ give access. 

463. Beside the socket drain pipes of glazed Btone*ware 
which we have described, another material, known under 
the name of " Terro-metallic," has been applied in the pro- 
duction of a superior quality of piping, which is manufac- 
tured in cylindrical forms both with socket ends and plain 
butt ends, and also in a conical form with plain ends, the 
cones fitting one another so that the joints are similar to 
conical socket joints, and may be made to fit with a great 
degree of exactness. The material of these pipes is of tho: 
same quality ae that used in making fire-bricks, and has an 
extreme density yn&i a very durable glaze upon the surface. 
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The prices of these pipes at the Tileries, Timstall, Staf- 
fordshire, wliere they are manufactured, and in London, are 
as follows : — 

TiBBO-MlTALUO DrAIV PIPB8. 



Diametor 
of Bora. 


Plidn Jointed 
Cylindrical Pip«. 


Conical Pipes 
to Fit one another. 


Cylindrieal Pipes 
with Socket-Joints. 


Price per 
Foot at 

Tunstall^ 


Prieeper 
Foot In 
London. 


Price per 
Foot at 
TunstalL 


Prieeper 
Foot in 
London. 


Prieeper 
Foot at 
Tunstall. 


Prieeper 
Footl^ 
London. 


InclMt. 

2 

8 

4 

6 

9 
12 
16 


9, d, 

2 
2f 
8| 

4 

6 

1 2 

2 3 


#. d. 

8 
4 
6 
6 
11 

2 li 

3 9 


«. d. 
2| 
8 
H 
41 
8 


«. d. 
8i 
5 

a 

9 

1 2 


«. d. 
0*'8| 

44 

6 

9 

1 4i 

2 6 


«. d. 

'5* 

6} 

9 

1 3 

2 3 
4 



Curved and Junction pipes in the aame material are cliarged at doable the 
pricei of the cylindrical pipes. 

434. One of the most valuable improvements recently 
effected in the practical cleansing of buildings is a portable 
pumping apparatus, with hose for emptying cesspools. For 
conveying the sewage, this consists of a close tank mounted 
upon two or four wheels, according to its size, with a hose 
. fitted to an aperture in it, and an air-pump attached, so that 
the chamber communicates with the interior of the tank. 
The hose is provided of such length that it may be laid 
through the passage, &c. of a house, and dipped into the 
cesspool, while the other end is attached to the tank at the 
door, into which the contents of the cesspool are rapidly 
transferred, without offence or nuisance, by a labourer at the 
pump. A small pumping apparatus with hose, but without 
tank, has been extensively applied for removing the con- 
tents of the cesspools into the sewers, a second hose being 
attached to the pump-chamber for this purpose. This ap- 
paratus, with hose complete, is furnished at the price of 
15L, and the economy of its use as compared with the cost 
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of cleansing cesspools by the old method, effects a saving 
of 05 per cent. Among the instances reported by the Sur- 
veyors to the Metropolitan Commission of Sewers, the 
following may be quoted : — " The contents of one large 
cesspool, equal to 24 loads of soil, were pumped out in 
31 hours, at a cost of 24<. Under the old system, three 
nights would have been occupied in emptying the cesspool, 
and it would have cost at least 24Z." 

435. Among the many contrivances which have been 
suggested for improving tiie house-apparatus for regulating 
the disposal of the wat<jr supplied, is a simple form of cis- 
tern, introduced by Mi. John Hosmer, which appears well 
calculated to prevent the waste of water which now fre- 
quently results from the inefficiency of the apparatus em- 
ployed. The amount of this waste may be inferred from 
the proved fact that, in one district of ^e metropolis, an 
average quantity of twenty-nine gallons per house is wasted 
at each delivery from the works, by dribbling over the 
waste-pipes of the cisterns after they have become filled. 
Mr. Hosmer's cistern has a partition, dividing it into two 
spaces, one considerably larger than the other, and contain, 
ing the supply for domestic use, while the smaller space is 
intended to contain a reserve for cleansing the drains and 
sewers. A two-way cock is fitted on the cistern with ball 
and lever, and one aperture of the cock opens into each of 
the spaces in the cistern. The large division of the cistern 
is fitted with a pipe or pipes to deliver the house supply as 
required, and the small division has a syphon-trapped pipe, 
leading into the drain and covered by a valve, the vertical 
rod of which is attached to the lever of die two-way delivery 
cock. The water from the main first fills the small division, 
the position of the lever being such that the valve at the 
lower part remains closed. The water then flows over the 
partition (which is kept a trifle lower than the sides of the 
cistern for this purpose) and fills the lai'gq division, ihe 
rising of the ball in which overcomes the pressure upon 
the valve in the small division, and lifts it suddenly to such' 

z 3 
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a height as to pennit of a rapid discharge of water ifaroi:^ 
tiie syphon-trapped pipe into the drain. Similar dstema 
thus fixed and fitted, deriving their action simultaneoaaly 
firom the deliTeiy at the main, would, it is supposed, dis- 
charge streams of water at one and the same time into the 
several house-drains connected with them, and thos act* 
with considerable efficiency in scouring these drains and 
the sewer into which they discharge. 

436. Although complexity of parts is to be avoided in 
water-closets intended for use in the greater number of 
dwellings, some of the more complete forms of i^paratna 
adapted for self-action, and which necessarily comprise 
considerable detail of arrangement, are preferable in siq>e- 
rior buildings in which close economy of construction is 
not a first condition, and regular care and attention can be 
secured for the action of the apparatus employed. In some 
of these closets, the valve which opens and closes the open- 
ing into the water-pipe is attached by a rod to a lever, which, 
by means of a cord or chain, is connected with ihe door of 
the closet, so that the 0}>ening of the door opens the valve 
and thus discharges a quantity of water into the pan. In 
another form of apparatus, the pressure of the person on 
the seat produces a similar effect One of the most im- 
proved of these is that patented by Messrs. Bunnett and Co., 
which will be found fully described and illustrated in the 
** Civil Engineer and Architect's Journal " for the month of 
April, 1849. This closet is self-acting and doubly tr^>ped, 
and designed to secure a supply and force of water which 
shall always be efficient and uniform without waste. It is, 
moreover, so contrived, that no soil can remain in the basin 
after use, and an ample supply of water being secured in 
the basin so as to form a *^ water-lute " between that and thio 
syphon-trap, the rising of smell is effectually prevented* 
The lower part of the pan dips into a water*pan or trap, 
which is hinged and maintained in a horieontal position by 
a rolling balance weight. The effect of pressure on the 
seat of the closet is to depress a lever and open a valve in 
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the snpply-box of the eastern, and thus pour a yoluine of 
water into the water-pan or trap sufficient to throw it open^ 
and afford a passage for the soil into the lower hasin, 
which terminates in a syphon, and is also trapped with 
water. When the pressure is removed from the seat, the 
water>pan or upper trap is immediately brought back to a 
horizontal position by the rolling weight, and receives suffi- 
cient water before the closing of the valve, to fill it, and 
thus effectually shut off all communication with the lower 
basin. 



GENEBAL SUMMARY AND CONCLUSION. 

437. In the First Pait of thii^ Rudimentary Treatise, 
devoted to the Drainage of Districts and Lands, an attempt 
is made to exhibit an arranged outline of the facts whidi 
have been observed and recorded with reference to the 
several sources of water for agricultural purposes, and the 
best means of making these available. The methods of 
filtering cuid purifying water for extended purposes in dis- 
tricts comprising towns, are also briefly explained, and the 
difference pointed out between the mechanical and chemi- 
.Cal processes required. In the sections which treat of the 
drainage of lands, as limited in its purpose to the discharge 
of superfluous water, the peculiar method to be employed 
is shdwn to depend on the united consideration of relative 
levels of surface and struetiual formation of soils. The 
importance of efficient draining of fens and the several 
works required for this purpose, are illustrated by grand 
instances in our own country — in the counties of Lincoln 
and Oambridge*-^and a brief description is introduced of 
that celebrated Dutch work by English engineers, the 
draining of the Lake of Haarlem. The construction of 
catch-water drains, and the adoption of means for aiding the 
supply of water to high or upland districts, are also alluded 
io as among the duties of the drainer. . The formation of 
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BoUs is described as affording a general knowledge of their 
character, and aiding in the« determination of the best 
arrangement of drains. Adopting a general classification 
of soils in regard to their stmcture, under the three leading 
characters of porous, retentive, and mixed, an extended 
notice is devoted to the several arrangements of these soils 
which are met with, ajfid the modes of proceeding in each 
case are briefly explained. A description of the several 
modes of forming drains or artificial subterranean channels 
through lands is accompanied by practical rules as to their 
consti'uction, dimensions, arrangement, and cost, and some 
of the best experience on this subject is quoted. A brief 
account of the several operations to %e carried on, of con- 
tour-mapping, and of the tools employed in draining, com- 
pletes the First Division of the work. 

438. The Second Division, of which the purport is the 
Drdnage of Towns and Streets, aims at establishing a clas- 
sification of towns as subjects for water supply and drainage 
according to the relative levels of the surface, and without 
that reference to the contiguity of rivers which has been 
dictated by the mistaken object of converting rivers into 
general sewers. An illustration of the principle here advo- 
cated is taken from the position and superficial character of 
our own metropolis. The value of sewage matters for agri- 
cultural purposes, and the practicabihty of rendering the 
distributi(m and use of these matters innocuous by chemical 
processes, are also stated upon the highest authority, and 
the evils of concentrating the sewage of large towns at few 
points, and misusing the channels for its conveyance, are 
pointed out and established upon past and extended expe- 
rience. A brief notice is added of some of the general 
plans which have been suggested for the drainage of Lon- 
don, and some particulars given of the costiy and inopera- 
tive works executed in the department of Metropolitan 
Sewerage. Upon the public supply of water to towns a 
mass of evidence is collected fi*om past e:q[>erience in the 
metropolis and the provinces, showing the effect of geologi- 
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cal structure* upon the quality of water, and the cost of sup. 
plying, of filtering, and purifying it for the several 'purposes 
required. The circumstances affecting the cleansing and 
draining of roads and streets are also shortly noticed. The 
proper functions of sewersj their arrangement, dimensions, 
and construction, are deduced from the data which it is he- 
lieved should be referred to, and by calculations which our 
past experience enables us to form. A rule for the correct 
sectional form of sewers is also given, and recommended 
for its usefulness and simplicity. The cost of several de- 
scriptions of sewers is also cited from the records of expe- 
rience, the stone-ware pipe sewers described, and the method 
of cleansing by flushing adverted to, and its effects quoted. 
The conveyance of water to towns and the several methods 
adopted, with the cost of pumping by steam-power, are 
described and stated. 

439. The Third Division treats of the Drainage of Build« 
ings as subjects of the entire system which embraces the sup- 
ply of water as an accessory to the purpose of draining. It 
is suggested that the classification of dwellings should b& 
determined by the number of persons to be served rather 
than the rental paid for each house, and that larger build- 
ings, in which human beings are congregated for manufac- 
turing and other purposes, may be provided for according 
to the cubic space inclosed by them. The arrangement, 
construction, and dimensions of house-drains are described, 
and the qualifications of impermeability, secure trapping at 
the head and all other openings through which effluvia 
might* escape, and proper connection with the receiving 
sewer at the lower end, are insisted upon as indispensable 
to perfect and efficient construction. And in the concluding 
section a general view is taken of the combined arrange- 
ments for efficient house^lrainage, and the simplest con- 
struction recommended for water-closets and similar appa- 
ratus designed for general adoption. 
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No. 1.^-8teax DBAnriMChPLOUGH. 

440. Thb following account of Fowler and Fry*8 new 
steam draining-plough is quoted from the '* Bristol Mer* 
cuiy " of February 11, 1864. 

« On Thursday last some experiments^ of a deeply in* 
teresting and important nature, in connection with the 
question of land-drainage, were mdde at Oaiherine Farm, 
on the estate of P. W. Miles, Esq., at Kingsweston, when 
Fowler and Fry's n%w steam draining-plough was for the 
first time put in operation. The great utility of under* 
ground drainage upon clay soils and in marshy districts is 
now too generaliy known and appreciated to leave it a 
matter of debate ; but the heavy expense which the adop« 
tion of the system of hand>labour entails, especially in 
neighbourhoods where that labour is scarce and dear, has 
hitherto stood in the way of its general adoption. It will 
be obvious that anything which has a tendency to facilitate 
the operation and diminish its cost, must be, in an emi« 
nent degree, beneficial to agriculture, and hence scientifio 
and practical men have been stimulated to bend their 
efforts in a direction tending to those ends. The drainage 
of moist lands was first attempted by the simple process id 
^i^Q0* hy spade labour, narrow trenches, and laying rude 
stone drains in the bottom of them. The difficulty of pro* 
cming stones and the cost of hauling tliem were found to 
stand considerably in ihe way of that process, and the use 
of drainin'g-tiles in various forms was by degrees indx>- 
duced, but without any decided improvement being effected 
in the mode of cutting the drain trenches. An important 
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rerohiition in Ae process was introduced by our fellow* 
citiien Mr. Fowler, of the firm of Fowler and Fr}% agricnl* 
tural machine manufacturers, of Temple Street, in the 
invention of his draining-plough, by which manual labour 
was in a large degree superseded; but a deficiency still 
• remained. The plough had to be worked by horse-power, 
four horses being employed by it in turning the windlass 
by which it was set in motion, and the process, although 
cheaper and more expeditious than spade-labour, was, 
nevertheless, in a degree expensive and tardy. The desira- 
bility of applying steam power to a plough upon the same 
principle soon became apparent, and, impressed with tlie 
importance of the object, Mr. Fowler directed his attention 
to it, and now, as the result of a great deal of anxiety and 
labour, and of no inconsiderable expense, he has perfected 
a steam draining-plough, which we saw in successful ope« 
ration on Thursday, and which we have no doubt will 
speedily take rank among the most useM inventions of the 
day. A brief description of the machinery may prove 
interesting. 

''The steam-engine, although mounted on wheels, and' 
capable of being transported from point to point, is, when 
employed, a stationary one, and worked by a horizontal 
cylinder. It has connected with it two drums, which are 
loose on the axles. .Afttached to the larger drum, which 
draws the plough forward, is a wire rope of beautiful manu« 
&cture, the breaking strain of which is 14 tons, the work- 
ing strain being 5 tons. This drum is wori^ed by two 
motions off the fly-wheel shaft, which ^fe a leverage of 
dd to 1 on the plough, the drum making seven revolutions 
per minute. To the lesser drum, which is worked off the 
second shaft, is attached a rope also of wire, but of smaller 
calibre, which draws the plough back, when it has com- 
pleted a furrow, to the side of the field from which it 
started and where it has to begin again. By an ingenious 
contrivance the drums are formed by the insides of two 
spur wheels, so that practically the working is effected by 
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ordinarf ^tuvgearing. The drams can be instantly tihifown 

out of gear by dutdies moving the pinions on a feather. 

The larger wire rope, on being wound on to the drum for 

the purpose of impelling the plough forward, works round 

a sheave-wheel or pulley-block anchored to the field at such 

a point as to draw the plough at right angles to the engine, 

by which arrangement the necessity of shifting the engine 

is obviated to so great an extent that aknost any field may 

be drained without once removing it fi*om^ the position first 

taken up by it To the firont of the plough is attached a 

second sheave-wheel, round which the rope is doubled, 

thereby, also, doubling the power. The coulter of the 

plough is of iron, an inch in diameter at its widest point, 

so that the furrow made by it upon the smface of the land 

is scarcely perceptible and generally disappears after the 

first storm of nun. It can be worked to a depth of four 

feet,' and indeed deeper, if necessary, and is so made that 

it can be raised or depressed by a handwheel under the 

control of the ploughman, and which works gear connected 

with a rack at the back of the coulter. The boring of the 

land is effected by means of a cast-iron mole or plug (the 

size of which is regulated by the size of the tiles to be 

laid) keyed to the bottom of the coulter, and the most 

striking feature of the machine is, that as fast as it bores 

the land it lays in the tile-piping, thus completing the 

drain as it goes at the rate (when we saw it working) of 

35 feet, and probably, under very favourable circumstances, 

40 feet per minute. It should be stated, in order to the 

understanding gf what follows, that as the engine winds 

the large rope on the large drum and draws the plough 

towards it, it at the same time unwinds the smaU rope 

which is attached to the back of the plough from the small 

drum. 

"The mode of operation we will now endeavour to 
explain, assuming for our illustration a field of ] 000 feet 
square, which has to be drained by drains 10 yards apart 
from east to west The engine would be fixed at the 
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middle of the western edge ; the plough would be placed 
on the eastern edge at .10 yards from the southern edge of 
the ground, and an anchor and sheave-wheel would be 
rigged exactly opposite to it on the western edge. The 
large wire-rope would be passed round the sheave-wheel, 
and thence on to the front of the plough, while the small 
wire-rope would be connected from the back of the plough 
with another anchor, &c., rigged 10 yards north of the 
plough — that is, at the point to which it would have to be 
drawn back, and from which it would have to commence 
again. The machinery thus arranged, the pipe-tiles are strung 
on ropes of fifty yards long (the length being thus limited 
to economise time and labour in threading), but fitted with 
ingeniously-contrived joints at either end« so that they can 
be readily and firmly joined together at any length required. 
These ropes are made of hemp for the sake of flexibility, 
while, as a matter of economy and durability, and to 
decrease friction as much as possible, they ai^e coated with 
wire. The ropes being threaded and joined, one end is 
fixed immediately behind the mole, and the machine being 
set in motion by the steam-engine, the coulter cuts its 
narrow channel through the land, the mole bores and lifts 
the subsoil, and the pipes are drawn through the aperture, 
and closely and neatly put together, formmg the drain. 
The sheave-wheels are then shifted, the plough drawn back 
by the small rope, and the second and succeeding drahis 
are cut and piped in the same way. The ropes, after Uie 
tiles have been laid, are drawn out by horses, which is tlie 
only employment of horse-labour required. The plough is 
attended by a man, whose only duty seems to be to keep it 
upright where the land is out of level ; but we were told by 
Mr. Fowler that he had perfected some self-acting level 
guides, which would be shortly attached, and which would 
enable the plough to adapt itself to any inequalities which 
might arise, and make it independent of any guide. 

"The advantages which Mr. Fowler expects to derive 
from his inventions are manifold. The first and most 
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importani is, of conrse, economy. The sum at present 
charged hj contractors, for draining on a lai^e scale, per 
acre, is from 52. to 61. A considerable tract of land, at 
present in course of drainage in an adjacent county, is 
understood to have been taken at 52. 9«. or 6L 10«. per acre. 
Mr. Fowler considers that by his machinery land may be 
drained for from 82. lOf. to 42. per acre, yielding a feur 
remuneration to the contractor. One engine with ten men 
and two horses will, he calculates, do as much work as 
120 men, and, under fayourable circumstances, as much 
work as 150 men would do by the old system. A second 
advantage anticipated is, the ability to drain in the summer 
season, when days are long and the weather favourable, a 
desideratum not now obtainable on account of labour being 
at that period so fully occupied by other sources of employ- 
ment Third, drainage by the machine will be better per- 
formed. The drains will be uniform in depth and straigfater, 
and the tiles more closely and fumly laid, while the plough, 
by lifting the land, causes the water to percolate at once, 
and thus brings the drain into immediate action. Fourth, 
no damage is done to the surface of the ground, which, by 
the old process was often the case. With dry weather the 
machinery may be erected and field drained one day, and 
on the next a casual observer would be unable to perceive 
that any change had taken place. Fifth, the drains when 
made will be more durable. 

^ •' With regard to the ci^abilities of his invention, Mr, 
Fowler calculates that with a single engine and plough he 
ehall be able to dram about SO acres per week. At present 
the machhiery will only be retained in tliis neighbourhood 
long enough to complete the drainage of about 40 acres 
of land on the farm where it is now at work. This will 
probably be eflfected by about the end of next week, after 
which time it will be removed to London, in the neigh^ 
bourhood of which city it will, we understand, be tried 
under Government inspection, and, doubtless, will receive 
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the attention of many scientific and practical gentlemen 
interested in the advancement of agriculture 

"Should the 'Stbam Draining-plough * meet with the 
approhation of those to whom it is ahout to he suhmitted, 
arrangements will he made for carrying it into operation 
upon a scale to some extent commensurate with the wants 
of the kingdom." 

Figures 78, 79, 80, and 81, show the plough and cap- 
stan apparatus complete, as adapted to he propelled hy 
horse-power. Figs. 78 and 79 are an elevation and plan 
of the capstan, and figs. 80 and 81 a corresponding eleva- 
tion and plan of the plough. 
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Fij^ 78. Fig. 79. 
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APPENDIX No. «. 

Mb. Stxpbknbon*s Bkfobt oir the flan vob tbb Dbaikaob of Dis- 

mCTB NOBTH OF THE ThaUBS, AND SITBSBQUEHT PBOOEKDINGS 
OF THE MeTBOFOLITAN CoMMISaiONEBS OF SeWXBS. 

At a Special Court of the Metropolitan Conuninioneft of Sewers, 
held on the 16th May, 1864, the following Report by Mr. Robert 
Stephenson, M.P.,on the phin proposed by Messrs. BazaJgette and Hey- 
wood, was read : — 

"24, Great Geoiig^treet, Westminster, May 15. 

" Gentlemen,— Absence from England prerented my uniting with 

Sir William Oabitt in drawing up his remarks, diited February 25, 

1854, on the joint report of Messrs. Bazalgette and Hey wood, on a 

' proposed system of intercepting drains throughout that portion of the 

metropolis lying on the north side of the river Thames. 

"I therefore now take leave to lay before you a ikw observations on 
that report, and before doing so may premise that it is not my inten- 
tion to revert to those points touched upon by Sir William Cubitt, as 
I entirely concur in the opinion he has given respecting the gene- 
ral merits of the plan and the estimated cost of carrying it out. 

" My observations will rather have reference to the general principle 
of intercepting sewers upon which the deugn is based, and to one or 
two of the localities where it-has been deemed advisable to depart from 
this system to meet special conditions. 

" With respect, then, to the application of the prineiple of inter- 
cepting sewers to very laige' towns, and more ei^eciaUy to the metro- 
polis» where it has become imperative to lessen as &r as practicable 
the nuisance of dischaiging the sewage directly into tliat part of the 
Thames upon which the metropolis is situate, I believe there is con- 
siderable unanimity of opinion among engineers who have been called 
upon to direct their attention to the subject. When I was a member 
of your body, it fell to my lot to examine upwards of 160 suggestions 
for improving the drainage of London, among which were many from 
professional men of experience, and by far the minority of these, when 
a comprehensive study of the subject had been made, agreed On adopt- 
ing a series of intercepting sewers, as the only method affording a fiim« 
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pl6 «nd efficient gyBtem of dnunAge, a&d at the flame time freeing the 
Thames through London of pollution. 

''The plan which was afterwards sabmitted by Hr. Frank Forster to 
the oommissionerfl may be regarded as embodying most of the nsefiil 
views whioh such of these plans contained as were based upon the 
principle of interception by main lines <^ sewer, carried to a point on 
the river so far down as to prevent the reaction of the tidal waters 
bringing the feculent matter back among the inhabitants of the me- 
tropolis. 

" The design now produced by Mr. Bazalgette and Hr. Heywood 
may be regarded as the extension of Mr. Forster's views, adapted to 
the new features which every suburb of London is yearly presenting. 
They have also made some judicious modifications suggested by time 
and further information, one of the most important of which is the 
iremoval of the lowest intercepting drain from the shore of the river, 
as such a position, although chosen for the purpose of making the 
system of intercefftion complete, would have been carried out with the 
utmost difficulty, in consequence of the loose nature of the soil, and 
at a cost incapable of any certain calculation beforehand. 

" The construction of this low level intercepting sewer does not, 
however, press for immediate attention, for it is clear that, of the 
three intercepting sewers comprehended in Messrs. Bazalgette and 
Heywood's plan, the construction of the upper and middle levels 
should be proceeded with first. Their completion alone will greatly 
relieve the Th&mes of impurities, and by lessening the direct discharge, 
will render the construction of the lowest level less difficult and less 
costly. Indeed, it is not improbable that by the diversion of so large 
a portion of the sewagl matter from the river as would be under the 
control of the middle and upper lines of interception, the formation 
of the lowest Would become comparatively much less important, and 
might be postponed for some length of time, and so relieve the de^ 
mand upon those who supply the funds. 

" The two upper lines of interception would, in fkct, leave less of- 
fensive matter to be discharged into the sewers than has taken place 
in any time within living recollection. 

"It is the only mode of procedure which seems adapted even- 
tually to remove, and at once to mitigate, many of the chief diffi- 
culties and annoyances attaching* themselves to this complicated 
qnestion. 

" In this design the system of interception is applied to the whole 
of the metropolis on the north side of the river, excepting a portion 
whioh is designated the western district, comprising an area o( about 
eighteen square miles, commencing a little to the east of Brompton 
«ad Chelaeay and extending westward as &r as Brentford. The levd 
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id all tliiB diiirict ia lo low that it is impoBsible to obtain any other 
natural means of drainage than into the river, as at present To ob- 
viate this objection, it is proposed to treat the western district by a 
different method, which appears to me well calculated to orercome the 
obstacles arising out of this circumstance, namely, to direct the whole 
of the sewage to one point on the shore of the river near the entrance 
into the Kensington Canal, and there take means for separating the 
liquid and solid portion of the sewage before the former is discharged 
into the river. Experiments on a large scale with this process are now 
being made, and with such result that its ultimate success may be 
&irly deemed probable. 

" I agree, therefore, with the recommendations made in this report 
as to the method to be applied to the western district, in consequence 
of its extremely low level* 

"With the general lines of direction which have been selected' for 
interception I also concur ; but, in anticipation of the success of the 
method for extracting solid manure trom. the sewage, and its becom- 
ing remunerative, it is suggested, ' that considerations may arise se- 
riously affecting the scheme proposed,' and a question is raised ' whe- 
ther it would not then be advisable, on the score of economy, to 
modify the designs presented for the middle and low-level sewers, and 
to abandon the chief portion of the line between the river Lea and 
Barking Creek.' In this I do not go to the full extent with Messrs. 
Bazalgette and Heywood, for, although the process for the manufac- 
ture 6f manure may prove successful, I do not think this probably 
would tend to, still less would justify, the delay of the construction of 
the middle level works. These seem to me to be absolutely necessary 
to recUfy the present defective system of drainAge, whatever shape the 
manure question may eventually take. I have already stated that the 
middle level is calculated, when properly dealt with, to ameliorate the 
evils so much complained of in so marked a manner that the execu- 
tion of the lower level may perhaps safely be postponed for a time ; 
but I can foresee no degree of improvement in the manufacture of 
manure in prospect that would tend to any material alteration in its 
construction, or position, or cost. It strikes at the root of many of the 
existing evils in the most direct manner, while it comprehends within 
Its scope and influence so large and important a district, that I think 
no minor obstacle ought to stand in tiie way of its execution. The 
extension to Barking might, I think, be dispensed with^ as sug- 



" If in extending and perfecting the drainage of London, the cbief 
objects be the improvement of the general sanitary condition of the 
inhabftants and the purification of the Thames from noisome matter, 
I cannot help repeating that I regard the middle intercepting sewer M 



^< 



,y Google 



MB. stephensok's befobt.. 193 

one of the most important features of the scheme on which I am now 
reporting, and, indeed, without it either object, and the last especially; 
could only be very partially attained, for no arrangement in the ex- 
traction of the solid matter from the sewage that I can conceive 
would prevent the frequent discharge of the usual amount of noxious 
filth into the river. 

" This can only, I believe, be avoided by the intercepting system 
being fully carried out, and no part of the proposed plan is more effec- 
tive than the middle interception, and none can be so ill spared or 
postponed. 

"I am induced to express this opinion somewhat decidedly, be- 
cause, having had my attention called to several methods that have 
been proposed for the extractioli of manure from sewage, I have been 
led to the conclusion that, instead of multiplying such establishments 
within the precincts of towns, as some contemplate, a complete system 
of interception, with the concentration of the manure process on a 
few points, is that which is best ealculated to attain success. 

" With reference to the dimensions of the proposed sewerSj I have 
not been able to go into the details of the calculations, but, having 
examined the tabular statements attached to the engineers' report, 
and having received explanations from them respecting the directions 
of the«flow in the various sewers intended to take place, I have every 
confidence in the correctness of their conclusions. 

" I have only further to add, that I regard the design of Messrs. 
Bazalgette and Heywood as comprehending, in a very practical shape, 
all the essentially useful suggestions which have, from time to time^ 
been made by engineers respecting the drainage of the metropolis ; 
and I have no doubt whatever that if the commissioners be put in a 
position to carry it out, it will be found effective. 

" I am, gentlemen, your obedient servant, 

" EOBEET StEPHENSOK. 

' To the Commissioners of Metropolitan Sewers." 

The Chairman said, they had met that day to sanction the execu- 
tion of works that had been considered and recommended by the com- 
mittee for the adoption of the Court to the amount of 122,6102., and 
among those works now brought forward were comprised six or seven 
large blocks of houses that were to be furnished with sewers, and some 
entire new works of great magnitude, involving the entire reconstruc- 
tion of the Counter's Creek sewer from north to south, at an esti- 
mated cost of 51,8002. Those works were considered to be necessary, 
in order to save an enormous loss to the property that annually oc- 
curred from the Thames to the Norland estate and the north of Ken- 
sington. There had been a great number of complaints upon the 

E 
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sabjecty wliicli had engaged the anxious consideration of the commifl- 
sionera for a long time past. He knew that such complaints had been 
frequent ever since he had been chairman, and for years before. The 
commissioners were most anxious to accomplish a work of urgent ne- 
cessity, but hitherto, in consequence of their peculiar situation, they 
were unable to do so, through the difficulty they had in raising the 
money. The works for which they had obtained the sanction of Par- 
liament to raise 200,0002., would cost more than a million and a hal^ 
and included the Hackney-brook sewer and the districts north of the 
Thames; and there was a second plan for districts south of the 
Thames. They were about to devote 160,0002. towards the last-men- 
tioned works, teserving 50,0002. for subsidiary works, but the commis- 
sioners did not feel that they would be justified in expending that 
amount without the sanction of Goyemment, not that it was required, 
as the commissioners alone were responsible for the outlay, and they 
had no wish that any responsibility should rest on others that fairly 
devolved upon themselves. They had applied to Parliament, and, 
unless the commissioners were assured that they would have funds for 
completing certain works, they must decline commencing them, un- 
less with a certainty that they would be finished. Having, therefore, 
but 200,0002. for works that would cost 1,000,0002., they had applied 
to the Government for means, but had as yet not received any answer. 
There had been some delay as to the opening of the court, and the 
committee had come to the conclusion that it would not be desirable 
to encroach on the 1 50,0002. until they got a final answer. They had 
required him to make an application for a more definite answer, and 
until they saw the intentions of Government the commissioners con- 
sidered they could come to no conclusion, however inconvenient such 
a course might be, and if any inconvenience was felt the commissioners 
were satisfied that no blame rested on them. He found that the 
50,0002. set apart for subsidiary works, added to the current receipts of 
the districts, would do all they proposed, except for the works for the 
Counter's Creek district, which were estimated at 51,0002., and it would 
be for the Court to order them or not, with the reserve of that 61,0002. 
for the present. The Counter's Creek district was suffering from great 
evils, from the want of a proper sewer, and repeated had been the 
complaints from owners of houses that they could not find tenants, 
for want of drainage, and that the cellars of their houses were flooded 
with water. They had not funds to do what was required, and they 
did not think themselves justified in applying the 150,0002. until they 
got the sanction of Government, and which they were pledged to the 
public to expend in main drainage works. 

After some discussion, a motion was proposed and agreed to, that 
works to the amount of 76,8962. be executed. 
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APPENDIX No. 3. 
Latest Pbookbdings of Metropoltpak Sewkrs Commission. 

On the 23rd May, at a Special Court of the Commissioners, presided 
over by Mr. R. Jebb, 

Lieutenant-Colonel Dawson rose and said — I wish, Sir, to inquire 
whether you^ have received any communication from the Home-office in 
reply to the application which, at the desire of the Court, you were 
requested to make at the last Court] 

The Chairman : In answer to the question of the gallant Colonel, I 
have to state, in consequence of the wish of the last Court, I wrote to 
the Secretary of State the letter which is now before the Court, dated 
the 17th inst., to which I received a reply on the 20tlL I will, now 
call upon the secretary to read those documents. 

Mr. Woolrych then read as follows : — 

" Ko. 1, Greek-street, Soho, May 17, 1864. 

" My Lord, — At the request of my colleagues of the Sewers Com- 
mission, I have the honour to call your lordship's attention to the pre- 
sent position of the commission with reference to the greater part of 
the loan of 200,000?. effected under the powers of the Sewers Act of 
the last session. 

" Your lordship will doubtless recollect that of the above-mentioned 
sum the commissioners determined to set apart 150,000?. towards the 
commencement of those portions of the main drainage works which 
are most urgently needed — namely, the Hackney Brook, or northern 
high level sewer, and the main sewers on the south of the Thames, 
the estimates for which amount to 1,050,000?., but that they did not 
feel warranted in entering upon those works until they had the written 
sanction of the government, whose aid in parliament is requisite for 
obtaining the funds necessary to complete the works. 

" The commissioners now feel that they are placed in a position of 
much difficulty as to the proper application of this sum of 150,000?. 
On the one hand, in the absence of the necessary sanction, they are 
precluded from using the money for the commencement of the main 
works ; on the other hand, as long as there is any probability of that 
sanction being obtained, they consider that the money cannot pro- 
perly be applied to any other object, as that would be at variance with 
the assurances from time to time given to your lordship, and also dis- 
appoint the expectations held oat to those more immediately interested 



,y Google 



196 appkhdix ho. 8« 

!n the earl J ezeention of the midn works. In the mean time the aea- 
■on most &yourable for entering into contracts, and for proceeding 
with drainage operational is rapidly passing awaj. 

" The commissionerB would therefore beg respectfully to represent 
to your lordship the importance of yonr fitvonring them with yonr de- 
cision with reference to the main works, in order that^ if your lordship 
should think it right to giye the requisite sanction, the works may be 
at once commenced, or else, if your lordship is not prepared to gire 
that sanction, and would be kind enough to communicate with the 
commissioners to that effect, the money may be devoted to other 
works now much needed, and the immediate execution of which would 
alleyiate a great amount of present evil. 

"I beg to add, that it will depend upon your lordship's decision 
whether the commissioners will feel justified in incurring the expense 
and responsibility of prosecuting in the present session a bill which has 
been read a second time, and now awaits the investigation of a com- 
mittee, the object of which bill is to enable the commissioners to take 
land near Deptford Creek, indispensably necessary for the commence- 
ment of the southern works. In order that this bill should pass in 
the present session, it is requisite that the next step should be taken 
without any delay. 

"I have the honour to be, my lord,* 

" Tour lordship's most obedient servant^ 
** BionABD Jebb. 
" The Right Hon. Viscount Palmerston.'' 



"Whitehall, May 20. 
" Sir, — I am directed by Viscount Palmerston to acknowledge the 
receipt of your letter of the 17th inst., and to state, in reference to 
your inquiry as to the application of the sum of 150,000^., set apart by 
the Commissioners of Sewers towards the commencement of those 
portions of the main drainage works which are most urgently needed, 
that the main drainage should be suspended for the present. 
" I am. Sir, your obedient servant, 

" H. WADDINGTOir. 

" Richard Jebb, Esq., 
" Chairman of the Sewers Commission, 
" 1, Greek-street, Soho." 

Lieutenant-Colonel Dawson moved—" That the order for the works 
to the Counter's Creek district, to the amount of 51,3002. be imme- 
diately executed, and that the engineer be instructed to prepare plans 
and estimates for other works of the most urgent nature^ to the 
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amount of 100,0001. to be gabmitted to ns for execution at the next 
CJourtf 

which resolution mm nnftnimonsiy agreed to. 

The works referred to, estimated to cost 51,8001., consist of 1,500 
feet of sewer, 9 feet bLt inches by 9 feet, to commence at the rirer 
Thames between Gremome-gardens and the Kensington Canal, and 
proceed in a northerly direction to KingVroad, Chelsea ; and 11,190 
feet of sewer, 8 feet 6 inches by 8 feet, to commence at the King's-road, 
Chelsea, and proceed in a northerly direction to the Uxbridge-road, 
and to a point near Boyal-erescent, Notting-hilL 



APPENDIX No. 4: 



BlPOBT (MADB, BT OBDBB, to THB COMMXaSXCmEBS Of SXWXBS), UTOV 
THS MOST ADVAHTAaiOUB MODB OF DBAUKa WTFH THB SXWAOB 
MaTTEB 07 THB MBTBOIOLIBy WITH ▲ YIBW TO THB PbBPABATXOV 

OT Sbwaob IIanubb, BT Thoxas Wiokbtebd, Esq., Civil Eiroi- 



From this interesting Beport (dated Febmary 18, 1854), we present 
our readers with the following extracts which describe the works con- 
ducted at Leicester by Mr. Wickstead, and the results he has obtained 
in a successful deodorisation and disinfecting of sewer water. 

''In 1845 I was called upon by the projectors of the London 
Sewage Company to report to them upon the practicability of carry- 
ing out a scheme for distributing the sewage water of London in agri- 
cultural districts by the application of steam power and pipes, and was 
further instructed, that if I found it could not be carried out thus so 
as to prove profitable, to suggest, if possible, some other mode for 
effecting the object ; and it was at that period that I entered into the 
calculations as to the cost of such a scheme, which led me to form the 
opinion that it could never be made a remunerative speculation. I 
then considered a scheme for arresting the fertilising matter held in 
suspension in sewer water, and found that even had it been as Valuable 
as the matter held in solution (which is by no means the case), the 
quantity to be obtained, having regard to its quality, was too small to 
be remunerative. 

** It then occurred to me, that if by a mode much less costly than 
that of evaporation to dryness, a sufficient quantity of the fertilising 
matter held in MhUion could be separated, that the collection and ex« 
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tnction of fertiUiing mfttter from «ewer water, might then be effected 
at a remuneratiye cost, or otherwise the scheme must be aban- 
doned« 

'*1 then consulted my friend, Hr. Arthur Alkin, the eminent 
chemist^ at that time Professor of Chemistry at Guy's Hospital, as to 
whether there was any cheap sabstaace that could be employed to 
separate the fertilising matter dissolTed in sewer water, and which 
would not itself prove injurious to the manure ; and he informed me, 
that he had for forty yean previously been in the habit of using a 
small quantity of lime to separate the organic matter contained in the 
New Biver water, which application had always effected its intended 
purpose, and that he had no doubt it might be applied with good effect 
to the sewer water. Mr. Aikin tried some experiments upon the Lon- 
don sewage water, and found, that, by the addition of about the three- 
thousandth part by weight of lime, the quantity of precipitate ob- 
tained was double of that wbich had previously resulted from the 
precipitation of the solid matter only, held by mechanical suspension 
in the sewer water. The result of these experiments showing, that 
not only was the weight of the manure to be obtained doubled, but 
that the addition being much more valuable as a fertiliser, the whole 
quantity was rendered superior, and it appeared to be very probable 
that a remunerative scheme might be formed-; accordingly I .designed 
a plan for the projectors of the London Sewage Company, and plans 
were prepared and deposited for parliament, and the same was done in 
the following year, bat at neither of the periods could the company 
proceed for want of the necessary capital. 

" For some time after that period the state of the money market 
was such, that although various similar schemes were published for 
tunnel sewers with artificial falls, I considered my scheme would not 
be much advanced by bringing it in opposition to the new schemes 
untU there was a greater chance of being able to raise capital for its 
execution. 

''About the year 1849, 1 consulted my friend Hr. Robert Stephen- 
son upon the subject, who was kind enough to enter into a thorough 
investigation of my scheme and an examination of the data upon 
which it was founded. He afterwards expressed a &vourable opinion 
of its feasibility ; the objections to it he considered to be chiefly the 
large sice of the reservoirs, which we agreed it would be desirable to 
reduce if a scheme for so doing could be devised. And as to the ques- 
tion of the tunnel sewer itself being constructed by a private com- 
pany, instead of by a public commission, —as it is clear that the com. 
pany's interest would be to make the sewer as little in excess of tiie 
size required to convey the sewer water when sufficiently impregnated 
with fertilising matter to render its extraction remunerative, while a 
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eonuniasion, not being swayed by each considerationSi wonld naturally 
consider the question of getting rid of flood waters also, — he thought, 
therefore, that it would be better, if possible, to divide the scheme, 
leaving the sewer to the public commission, and the process of dis- 
infecting and utilising the sewage water to a company. Thus encou- 
raged, I proceeded &rther in the consideration of the subject, and in 
the following year the idea of applying centrifagal force for the sepa. 
ration of the water {rom the deposit in the bottom of the reservoira 
suggested itself to me, and, having tried the effect practically, in 
1851 1 took out a patent for the manuflEtcture of sewage manure. 

" The result of experiments with the patent process was to show, 
that, by its adoption, the size of the reservoirs might be greatly re- 
duced ; that the deposit from the bottom of the reservoir might be 
abstracted without exposing it by the removal of the supernatant 
water ; and that it might be rapidly reduced into a sufficiently solid 
state to admit of its being packed in casks, stored in pits or heaps, or 
moulded into bricks for the purpose of farther drying by natural eva- 
poration. In the latter part of 1851, Mr. Robert Stephenson, and 
Professors Aikin and Taylor, having expressed very favourable opinions 
of the practicability of- my amended scheme, which opinion they al- 
lowed me to publish, parties were thereby induced to purchase my 
patents for Great Britain and Ireland, and in 1852 an Act of Parlia- 
ment was obtained, incorporating the " Patent Solid Sewage Manure 
Company," and enabling the Company to raise capital to the extent of 
100,0002. 

"In February, 1852, the Directora resolved that temporary works 
should be erected in Leicester for the purpose of manufacturing the 
mannre upon a sufficiently large and practical scale, having in view 
three objects: — ^the first being to ascertain whether the lime process 
effectually disinfected the sewer water, and if so, whether it could be 
practically used upon the large scale; the second, to ascertain whether 
the removal of the precipitate from the bottom of the reservoir, and 
the abstraction of the water from it by means of centrifugal force, 
could be practically carried out upon the large scale and at a suffi- 
ciently small cost ; the third object being, to manufacture a sufficient 
quantity of the manure to enable agriculturists to prove its commer- 
cial value, considering that their practical opinions would be a much 
better test than chemical analyses only, and it was resolved that upon 
the result of these trials, the question of proceeding with the Com- 
pany should be decided. Works were accordingly erected, and after 
many alterations and improvements upon the original scheme, which 
probably would not have suggested themselves unless the opportunity 
of carrying the plan out practically had been afforded, the Directors 
were so satisfied with the result, that they felt justified in entering 
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into a oontnei wiili the Town Council of Loioerter, nndeiiiking in 
retom for tiko eKelnsiTe rig^t to all the sewage water for a period of 
thirty jesn^ to dieinfeet it^ and diaehaige the water in an innozions 
■tate into the riter Soar for the lame period. 

** The estimated cost of the neoeawiy works is 25,00<M.| and oontraeta 
were entered into in April last» for the erection and oompletion of 
them in last October, but owing to vnfivtnnate and miforeseen dream- 
stances,— firrt, to the delay in obtaining the land ; secondly, to the 
vnparalleled wet season which has pecnliariy affected these woika, tlie 
site of them being on low marsh ground ; and, thirdly, to the great 
diflcolty in obtaining laboor, owing to the strikes amongst the work- 
men, and the delay in obtaining materials^ — ^I am afraid these works, 
which, wnder ordinary circiimstances, might easily hare been com- 
pleted in ftre months, will not be in eflfectlTe operation much, if at all, 
befofe next summer. 

" I will now proceed to describe the temporaiy worics and the pro- 
cess, to the maturing of which- 1 have devoted the greatest portion of 
my time for the last two years, and have completely satisfied myself 
that the scheme is not only practicable and remnnerattre, bat may be 
made reiy profitable when carried oat on a larger scale than opportu- 
nity has hitherto afforded. 

"The temporuy works at Leicester were erected upon groond be- 
longing to the Town CoancU, upon the banks of the Leicester Nayiga- 
tion, near the out&ll of the filthiest sewer in the town, a branch izom 
which sapplied the works with sewer water. The use of the groond 
was granted to the Company, at a merely nominal rate, by the Town 
Coondl, who in this, as in other instances, hare afforded eveiy &cillty 
to enable the Company to demonstrate to the pablic the practicability 
of difflnfecting the water and manafiMStaring the manure. 

"As regards the size of the temporary works, they were calculated 
for a population of 6,000, previous to the introduction of a supply of 
water into the town from the New Water Works. I do not mean to 
imply that we have actually deodorised the sewer water fix>m a popula- 
tion of 5,000 during twelve months, for this would be inaccurate, as 
the constant interruption arising from the practical modifications and 
improvements of the machinery used in the process would of itself have 
prevented such a course ; but the works have for difierent periods been 
kept in continuous operation day and night, that I might have the 
opportunity of assuring myself that the process was complete as affect- 
ing the sewer water during any of those periods, the object of these 
temporary woiks being, as I have before stated, to ascertain whether 
the process could be practically and remuneratively carried out by the 
means proposed. 

"At the commencement of our operations, it was found that the 
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process of deodorising "wbs not peifect> and it was discovered that its 
partial failure was due to the sewage water being in too concentrated a 
condition, the new suj>ply of water to the town haying only been in- 
troduced at Christmas last^ while the operations of the Company com- 
menced more than a year and a half ago. To proye whether this con- 
jecture was correct, a portion of the partially deodorized water was 
returned into the engine well, and when the concentrated sewage was 
reduced to a quality equal in strength to that of the metropolitan 
«ewer water, the process was completely successfuL 

" Professors Aikin and Taylor ascertained the streng^ of the Lon- 
don sewer water, and determined what amount of dilution was neces- 
sary to reduce the Leicester sewer water to the requisite strength, and 
by their experiments I was guided in my practical operations. 

" Again, it was found that at night, when the manu&ctories were 
not at work, and the waste water from the engines had ceased to flow 
into the sewer, their contents being chiefly urine and ezcrementitious 
matter in a state of fiir greater concentration than the day sewage, the 
effect of the lime was only partial, but upon diluting it as in the for- 
mer case, the process of deodorising was completely successful— the 
effluent water from the reseryoir, after the process was completed, 
being perfectly free from all taste and odour, excepting occasionally 
^m the lime when it had been used in excess. 

"A quantity of the effluent water from the reseryoir was taken in 
August last, by Mr. Theodore West, chemist, of Leeds, and subjected 
to an analysis, and he found that there was not a trace of any other 
matter than carbonate of lime, sulphate of lime, and chloride of 
sodium, pioying clearly that all noxious matter had been abstracted 
during the process. 

" The mode of operation in this process is as follows : — ^the water is 
pumped up from the sewer, and into the pipe conveying it to the re- 
servoir a smaller pipe is introduced, connected with the lime-pump, 
which works stroke for stroke with the sewer water-pump, and the pro- 
cess of deodorising is so rapid that when the mixture of sewer water 
and lime is discharged into the reseryoir, there is no noxious odour 
arising from it ; the discharge takes place into the first part of the 
reservoir divided into three compartments, in each of which is an 
agitator worked by the engine : a thorough mixture having thus been 
effiscted, it flows through the upper end of the reseryoir, and is from 
thirty to forty minutes passing through this portion, duing which 
time seven-eighths or more of the separated matter has been precipi- 
tated on the bottom of the reservoir ; there still remains, however, 
about one-eighth of solid matter, and which being lighter than the 
first portion, requires a longer time for precipitation, so as to render 
the water clear and bright. 

K 3 
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" Th« water 1% in fuit, two honn in paaring from the sewer to the 
itfthest end of the reeenroir, where it is dischaiged, and arrangements 
are made to enable the water to flow continuonsky through the reser- 
Toir with as nearly as practicable the same Telocity oyer the whole 
section, the opemngs of the discharging gates being proportioned to 
the depth of water in the cross section, and thus the necessity of 
having two resenroirs, for the purpose of filling one while the water 
in the other is being cleared by deposition, is avoided, for although 
the stream is continuous, its velocity being only about one-fourth of 
an inch per second, it does not interfere with, or arrest the precipita- 
tion of the solid matter. 

** The operation of removing the precipitate from the bottom of the 
reservoir, so as not to interfere with the continuous flow of the water 
in the reservoir, is performed by means of a screw, which removes the 
precipitated matter into an adjoining well or shaft as rapidly as it is 
formed, without disturbing the process of precipitation which is 
carried on above it. 

" The bottom of the first portion oi the reservoir is made to slope 
towards the centre, along which a culvert runs, semi-circular at bottom 
uid open at top'; in the bottom of this the screw is laid, and the pre- 
cipitate collecting upon it from the sloping sides, is, as the screw re- 
volves, carried into the adjoining well : the practical working of this 
arrangement is now completely successfuL 

"It is the combination of these two arrangements; viz., the con- 
tinuous current and the removal of the deposit without disturbing the 
supernatant water — ^that has enabled me to reduce the size of the re- 
servoirs to so great an extent : this will be seen hereinafter when I 
give the sizes of the reservoirs I propose for the metropolis. 

" Tlko next operation is ta raise the deposit or mud from the well or 
shaft, by means of a Jacob's ladder, very similar in appearance and 
construction to the ladder of buckets in the dredging machines 
used on the Tiiames, excepting that its position is vertical and its 
construction much slighter ; the mud thus raised in a semi-fluid state 
into a tank, flows through a pipe to the centrifugal machine, the ma* 
chine is then set in motion at the rate of about 1,000 revolutions per 
minute, and in half an hour from the time the precipitate lay on the 
bottom of the reservoir, it is in a sufficiently dry state to pack in casks 
or to mould in the form of bricks for fiirther drying. 

" A given bulk of the manure, when introduced into the centrifugal 
machine, is reduced to about one-third of its original bulk, two-thirds, 
as water, having been separated from it by the operation. 

" The machines which are now making for tike newlicicester Sewage 
Works, are each calculated to turn out 360 lbs. of manure in an hour, 
in the state of consistency previously mentioned. 

" Thus it will be seen, that the whole operation of disinfection and 
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oonyezsion into mannve is yerj simple, and I think it must appear eyi- 
dent, that after the experience of a. year and a half of what may be 
done in works sofficient for a population of 5,000, that by simple mul- 
tiplication of the means, it may be made ayailable for any population, 
however great ; as in this case the increased quantity of sewage water 
merely inyolves a simple increase of machinery in proportion to this 
increase, the increase of power for raising it being in direct proportion 
to the quantity. 

** There is one yery important conclucdon that may be drawn from 
what has been said ; yiz., that an increased supply of water, by which 
means only the greatest and most immediate sanitary effect will be 
produced upon the atmosphere of dwellings in any town, does not 
render the plan just described abortive, on account of the enormously 
increased expense ; but, on the contrary, within certain limits, the 
more the sewage is diluted, the more complete is the effect of the dis- 
infection of the water and the precipitation of the manure, so that 
the sanitary objects of tJie Commissioners and the commercial in- 
terests of a Company carrying on the works, would not be opposed 
to each other as would be the case in the event of the liquid scheme 
being adopted. 

** In the temporary works at Leicester, although the reservoir, the 
steam-engine and boiler, the machinery for manufisicturing the manure, 
and the store for the manure, whether in casks or exposed in heaps 
for drying, are under one roof, no noxious effect has in the slightest 
degree been caused to the workmen employed in the process; and 
although the manure itself, when taken from the cask and held to the 
nose has a smell which an agriculturist would not object to, neverthe- 
less, no smell whatever is perceptible at the distance of a foot or two 
from the manure. 

"As regards, however, the proposed large works for Leicester, there 
will be two reservoirs, about 200 feet long, and 44 feet wide, two-thirds 
of the area will be covered with an iron girder and brick arch floor for 
the warehouses above, to economise space, and the whole will be roofed 
over; and as this portion of the design is intended to be carried out 
in all future works, however large, all chance of nuisance £rom expo- 
sure is avoided; but the fact is completely established, that no nui- 
sance does arise either from the reservoirs or in the process used in 
manufacturing. 

" Upon this point> and in corroboration of my statements, I beg 
leave to call your attention to the practical evidence of his Qrace the 
Duke of Rutland, given in a letter I had the honour of receiving 
f^om him; also of Joseph Whetstone, Esq., the Chairman of the Local 
Board of Health ; John Ellis, Esq., late M.P. for Leicester, the Town 
Clerk ; Dr. Shaw, and other medical gentlemen of the town of 
Leicester, given in a certificate, which, with another from John Back, 
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Xiq., late Medical Officer of the Leiceeter Local Board of Healtb, vho 
hai had freqaeat opportunities of witneasing the opezation of the 
patent proceea, are addreaaed to yonr Honouiable Board, as I thought 
it might be more aatisfiMstory to you to have the evidence of diffln- 
terested parties. 

"Although not in a 'position at present to state what the 'actual 
oommercial value of the residual manure will be, because, as before 
intimated, the desire of the directors of the Patent Solid Sewage 
Kanure Company has been to leave this to be determined by the re- 
sult of its practical application by the agriculturist^ and at present 
the manure that has been so applied has been pro tcuUo inferior to 
what is intended to be supplied, in its having been chiefly collected 
from the day sewage unmixed with the richer night sewage, and also 
from the fact of its containing 60 or 70 per cent of water instead of 
20 per cent., which is the quantity it would have contained, if the 
extent of our temporary worka had afforded us room for drying it in 
larger quantities than has hitherto been practicable ; nevertheless^ our 
experience has been quite sufficient to prove that, without the neees- 
sity of having recourse to expensive applications of artificial heat, 
simple exposure to atmospheric influence for a few weeks will reduce 
the moisture to 20 per cent, so that, bulk for bulk, the manure in- 
tended for sale will contain twice as much fertilising matter as that 
which has at present been forwarded to agriculturiats for trial. The 
present results, however, show thaty taking guano at 10/. per ton, the 
manure, as proposed for sale, is at least worth 22. 1S». per ton ; but as I 
stated to the OommissionerB verbally, I have considered it safest to 
calculate its commercial value at 22. or 22. 28. per ton, and this amount 
would yield, after deducting the cost of manufacture and repairs, a 
fair per centage upon the capital expended in the construction of the 
works ; but the actual value will not be ascertained until time has 
afforded more extensive experience. But while it is undoubtedly of 
importance that the Commissioners should be satisfied that it is of 
sufficient value to induce capitalists to subscribe for its manufacture, its 
real value, if greater, must depend in some measure upon the &vou^ 
able locality of the works — in relation to the agricultural districts-- 
and hence its concentration, by reducing the cost of carriage, will ul 
crease its value, weight for weight; and again, the reduction in the 
cost of manufacture, which the last year's experience has already en- 
abled me to effect, has also shown, that, with larger opportunities, fur- 
ther reductions may be effected, which, I need not remind the Cojdjdjb- 
sioners, has generally been the case in all new manufiictures. 

'* The cost of manufiicture will be proportionably greater in snaall 
works than in larger ones : my present experience, however, enables 
me to state, that, upon the average, the cost of manufacture will not 
ezoeed 20«. per ton." 
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As to the application of his treatment to the sewage of the metro- 
polis, Mr. Wiclsteed had been supplied by Hr. Bazalgette, engineer to 
the Metropolitan Commission^ with a map and the following parti« 
cnlars: — 

" The main sewers of the Eastern Diyision are capable of being 
terminated at the points A, B, and D, at the river Lea, and their 
contents being tieparately or collectively manufactared into manure in 
that locality, or they can be continued so as to discharge at mean high 
water at the mouth of the Roding. With this view, A and B will be 
9 feet above Trinity high water at crossing over the river Lea> and 
the sewage could possibly be there converted into manure without 
pumping. 

" The main sewers of the Western Division will have two separate 
flood outlets into the river at the points E and I, the inverts being 
there level with low water. 

''Sewage manure works could be established at both those points, 
or the sewers could be so connected as to have one establish- 
ment. 

''We have taken the sewage at 5 cubic feet per head, and 
the tables give the sewage thus due to the present population, and 
also due to the ultimate increase of population as estimated by us. 

KOBTHEBN SlEWAOB IjSmEBOEFTION AND DbAINAQB. 



Hackney Brook . . A 
Middle Level . . . B 
Low Level . . . C 

Total . . D 


Pratent Population. 




Cubic Feet 
per Diem. 


Cubic Feet 
perMinute. 


Cubic Feet 
per Diem. 


Cubic Feet 
perMinute. 


462,240 
3,911,040 
3,226,600 


321 

. 2,716 

2,240 


2,076,040 
4,674,880 
3,416,680 


1,441 
3,177 
2,372 


7,698,880 


6,277 


10,066,600 


6,990 



WflSfEBN Division. 



/ Acton Line . . 

. CheyneWalkBranch | f 

to ditto. . . .5 
1 Brentford Line . . G 
( Fulham Branch to do.H 

Total ... I 


169,920 

224,640 

298,080 
87,440 


118 

166 

207 
26 


662,400 

224,640 

1,732,320 
189,680 


460 

166 

1,203 
97 


730,080 


607 


2,769,040 


1,916 
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"Memoranda.— The height of the lift, from the invert of the low 
level' Bewer at the pumping station near West Ham Abbey, to the 
invert of the high level seirer, is 36 feet, and to Trinity high water 
mark, 26 feet. The height of the lift, from the invert of the sewer at 
the pnmping station in Fulham Meadows to Trinity high water mark, 
IB iri feet." 

Mr. Wicksteed's estimate for works required for treating the sewage 
of the metropolis, according to this arrangement of main sewers was 
as follows : — 

PROPOSED WORKS. 

" Without giving an opinion as to the actual sites that should be 
secured by the Commissioners, which I have no doubt you will agree 
with me would be premature, not to say imprudent, and in the choice 
of which I have no doubt you will be much influenced by your Engi- 
neers, to whom I shall be happy to give my assistance if requiredj—I 
may state, that it appears to me that four sites at least should be ob- 
tained for the proposed works : the first in the neighbourhood of the 
River Lea, uniting A and B, or the Hackney and the middle levels of 
the northern division ; the second, in the neighbourhood of the same 
river, to receive C, or the low level of the northern division ; the third, 
in the neighbourhood marked I, upon the plans supplied to me by your 
Engineer, uniting the Acton, Cheyne Walk, Brentford, and Fulham 
levels of the Western Division ; and the fourth, on the banks of the 
Thames, on the south side of the river, for the southern sewage. 

'' Supposing, in other respects, these sites to be eligible, there codd 
be no objection to them on the part of the Patent Solid Sewage Manure 
Company ; but to repeat what I have hereinbefore intimated, there is 
nothing as regards the disinfecting and manufacturing of the manure 
to prevent either a concentration of, or a further subdivision of bqa- 
nufectories ; and if, therefore, it should appear hereafter that a dif- 
ferent arrangement would lead to a reduction in the size and cost of 
the main sewers, or for causes at present not foreseen an alteration 
should be deemed advisable, I see no objection to its being made* 
However, this part of the subject does not appear to me to press m 
such a manner as to lead to the necessity of my delaying the comple* 
tion of this Report; should, however, tie sites herein suggested be 
finally determined upon by the Commissioners, the following state- 
ment will represent the principal works that would be required for 
each: — 
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I. — The Quantitt of Land required for all purposes, No. 1, and 
FOR Reservoirs, Ko. 2, included in No. 1. 



Ist Site . . 
2nd Site . . 
3rd Site . . 
4th Site . . 

Total . . 


Present Population. 


ProBpective Population. 


No.l. 

Land for 
all Purposes. 


No. 2. 

Land for 
ReseiToirs. 


No.l. 

Land for 
. all Purposes. 


No. 2. 

Land for 
Reservoirs. 


Acres. 

H 

6 

61 


Acres. 
2i . 
2 


Acres. 

124 

6i 


Acres. 
2* 


21i 


n 


sii 


lOi 



II. — ^Fdll and Average Power of Pumping Engines and Coals. 



Ist Site . . 
2nd Site . . 
3rd Site . . 
4th Site . . 

Total . , 


FuU 
Power. 


Average 
Power. 


Coals per 
Annum. 


Fuir 

Power. 


Average 
Power. 


Coals per 
Annum. 


HP. 

Nil 
223 
87i 
225 


H.P. 

Nil 

148]^ 

25 

. 150 


Tons. 

Nil 

1545 

842 

1660 


H.P. 

Nil 
236 
141i 
270 


H.P. 

Nil 
167 

180 


Tons. 

Nil 
1685 

981 
1872 


485^ 


8231 


3447 


647i 


431J 


4488 



" With the exception of the land and approaches, the above works 
would have to be provided and maintained by the Company, and 
in addition the Company would have to provide for manufacturing 
purposes — 

Engine-power for present population 2,965 horses' power 

Ditto for prospective ditto ' 4,286 „ „ 

Coals, per annum, for present ditto 26,341 tons 
Ditto, ditto, for prospective ditto 88,205 „ 
" To show the importance of having manufactories established on 
sites accessible for carriage, I may state, that the probable present and 
prospective annual tonnage of coals, lime, and manure, will be as 
follows ; — 

Tons. 
For present population . . . 214,000 per annum 

For prospective ditto .... 810,000 „ 

" The capital required for the construction of works for the prospec- 
tive popuUtion would not exceed 1,000,000^. sterling." 
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Ashburton, use of sewage at, 28. 
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Basement drainage, 160. 
Bath, supply of water, 85. 
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Bilston, supply of water, 85. 
Birmingham sewers, 111. 
Biahopsgate Street sewer, 88. 
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, Bones for manure, 4. 
Boussingault's experiments, 4. 
Brecon sewers, 112, 
Bristol sewera, 112. 
Bnildinga, clasaification of, 144. 
Bonnett's water-closets, 178* 



Oapadtj of raerroira, 91. 
115. 



Oesipooli, 171. 

cleansing, 17. 

Chatham, supply of water, 87. 
Chester aewers. 111. 127. 
Chorltonron*Medlock, supply of water, 

79. 
Cutem, Hosmer'a, 177. 
City of London aewera, 87. 
Claiasification of buildings, 144. 
sites of towns, 7. 



Cleanaing oeaspools, 17. 

houso^rains, 169. 

sewera, 188. 

streeta and roads, 99. 



185. 



Clitheroe, manuring at, 27. 
Collection of manure, 5. 
Commisaionera' accounts, 53. 

— invitation for "plans," 



50. 



• of Sewers v. Board of 



Health, 69. 

Computation by Farey, 141. 

Concentration, extrayagance of, 22. 

Conditions in constructing drains, 158. 

Connections of sewers, 181. 

Consideration of sites of towns, 6. 

Constant service of water, 95. 149. 

Construction of sewers, 130. 

Consulting engineers' report on drain- 
age south of Thames, 65. 

Contents of sewers, 15. 

Conveyance of water, 136. 

Cost of mannring, 26. 

pumping, 141. 

CoTored drains, 101. 
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Cnugintinny meadows, 27. 

Gresy's estinmte of yalue of sewage, 

18, 19. 
Crops, rotation of, 4. 
Groton aqueduct, 137. 
Croydon, supply of water, 88. 
Cubitt's estimate for London sewer- 
age, 68. 

report .on drainage south of 

Thames, 65. 
Dartford, supply of water, 88. 
Defects of house-tanks, 96. 

London drainage, 11. 

Deficiency of &11, 95. 164. 
Depth for drains, 161. 

of sewers, 120. 

Dimensions of sewers, 109. 
Disposal of refuse matters, 3. 
Distribution of refuse matters, 5. 
Ditches, open, 101. 
DiYisioN IL^DsAiHAas ov Towns 
A»D Strbsts. 
Section I. Classification of towns, 

&c., 1. 
Section II. Supply of water, &c., 

72. 
Section III. Drainage of streets, 

&c, 99. 
Section IV. Main sewers, &c., 106. 
Section Y. Conveyance of water, 
&c, 136. 
Division III. — DRAiHAaH o» Build- 
iNas. 
Section L Classification of build- 
ings, 144. 
Section II. WateiHsenrice, 148. 
Section III. House - drains, &c., 

167. 
Section lY. Water-closets, &c., 
170. 
Drainage of basements, 160. 

London, 10. 

. south of the Thames, 58. 

— not determined by rivers, 

conditions in constructmg, 

covered, 101. 

deficiency of fitU of, 164. 

formed of stoneware -pipes, 

tiappmg, 168. 



Edinburgh meadows, 25. 
EggHihaped sewers, estimates fi>r, 129. 
rule for forming. 



126. 



112. 

Elevation, ranges of, 12. 
Escape of ammonia from sewage, 16. 
Estimates for egg-shaped sewers, 129. 
London sewerage, by Sir 

W. Cubitt, 68. 

sewers, 52. 

Experiments by Boussingault, 4. 

with jets, 154. 

by Liebig, 4. 

Extinction of fires, 153. 
Extravagance of concentration, 22. 
Fall, deficiency of, 45. 

Farey's computation, 141. 
Filters at Nottingham, 92. 

Paisley, 92. 

self-cleansing, 90. 

Filtering, private, 150. 
Fires, extinction of, 153. 
Fixing the gases in sewage, 16. 
Fleet sewer, 88. 40. 109, 110. 
Flushing sewers, 43. 134. 
Form of sewers, 122. 
Forster's plans, 50. 

Frome sewers, 112. 

Functions of sewers, 107. 

Ghues in sewage, fixing the, 16. 

General summary, 179. 

Geological objections to tunnel scheme, 

49. 
Geology of York, 81. 
Graduation of drain-pipes, 167. 
water-pipes, 157. 



" Great London Drainage Bill," 71. 
Greenock, supply of water, 83. 
Guthrie's apparatus for using rain- 
water, 152. 
Gypsum, to fix gases, use of, 16. 
Hackney-brook sewer, 55. 
Hawksley's calculation, 142. 
Higgs' patent, 36. 
High-level sewer^ 51. 
High service of water, 98. 
Holbom and Finsbury sewers, 110. 
Homersham's report, 91. 
Hosmer's cistern, 177. 
House-drains, cleansing, 169. 

trapping, 168. 

House-tanks, defecto of^ 96. 
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Intercepting lewera, 15. 
Irongate sewer, 87. 
Irrigated meadowi, 26. . 
Jets, experiments with, 154. 

use of, at Preston, 1 66. 

Joints of water-pipes, 189. 
Kent and Surrey drainage, 68. 
Lambro river, 24. 
Lancashire r^^servoirs, 91. 
Lancaster sewers. 111. 
Liebig's experiments, 4. 
Liebig on ^xing the gases, 16. 
Liverpool, supply of water, 84. 
London, drainage of, 10. 

-defects of, 11. 



sewers, 40. 

• outfalls of, 11. 



situation of, 9. 

Water Companies, 97. 

supply* 76. 96. 

Low-level sewer, 61. 
Machine, Whit worth's, 105. 
Main sewers, 106. % 
Manchester, street-sweeping in, 106. 

supply of water, 83. 

Mansfield, use of sewage at, 28. 
Manure, bones for, 4. 

. Company, sewage, 81. 

quantity of, produced by each 

person, 5. 
Manures, analyses of, 4. 
Manuring at Clitheroe, 27. 

cost of, 26. 

Market-gardens, sewage manuring of, 

31-34. 
Martin's plans, 28. 
Meadows, irrigated, 26. 

Craigintinny, 27. 

— — T — near Edinburgh, 25. 

Milan, 25. 

Metropolitan Sewers Commission, 46. 
latest proceedings. 



195. 



• sewer districts, 37. 



Milan, sewerage of, 24, 
Naviglio canal at Milan, 24. 
Newcastle - under - Lyne, supply 

water, 86. 
New Commission of Sewers, 50. 
— River, the, 137. 

York, Croton aqueduct at, 137. 

Nitrogen in excreta, 4. 



of 



Nottingham filters, 92. 

sewers. 111. 

supply of water, 88. 146. 

Open ditches, 101. 
Outfalls of sewers, 11. 44. 
Paisley filters, 92. 
Pans of stoneware, 178. 
Phillips's tunnel scheme, 47. 
Pipe-sewers, 126. 
Pipes for water, 139. 

graduation of, 157. 

Plough, steam draining, 183. 
Portable pumping apparatus, 176. 
Position of receptacles, 119. 
Preston, supply of water, 75. 78. 
use of jets at, 156. 



Prices of sewers, 127. 
Private filtering, 160. 
Proportion of streets, 100. 
Public filters, 94. 
Pumping water, cost of, 141. 

Mr. Wicksteed's table 



of results, 143. 
Qualities of water, 73. 
Quality of town-sewage, 5. 
Quantity of manure produced by each 

person, 5. 
Rain-fall, 75. 
Rain-water, use of, 151. 
Raising refuse matters, 5. 
Ranges of elevation, 12. 
details of system 

of, 20. 



objections to sys- 
tem of, 21. 
Ranger's estimate of value of sewage, 

19. 
Recapitulation, 99. 
Receptacles of sewage, 2. 

position of, 119. 



Refuse from streets, 102. 

matters, collection of, 5. 

disposal of, 3. 

distribution of, 6 

raising, 5. 

Relative levels of towns, 6. 
Report by consulting engineers, 65. 

Mr. Homersham, 91. 

Reservoirs, 89. 

capacity of, 91. 

River Lambro, 24. 

Rivers do not determine drainage, 6. 
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Birers not to be made sewers^ 8. 

towns on, 1. 

-water-power from, 14. 

Boads and streets, cleansing, 99. 
Kotation of crops, 4. 
Bule for forming egg-shaped sewers, 
124. 

size of water-pipes, 190. 

« Saltpeterfrass," 16. 
Self-cleansing filters, 90. 
Sewage Manure Company, 31. 
• receptacles of, 2. 



■ value of, 3. 17, 18, 19. 



Sewerage of Milan, 24. 
Sewer-water, application of, 25. 
Sewers, access to, 132. 

Acts, 1848 and 1849, 46. 

capacity of, 116. 

in Birmingham, 111. 

■ Brecon, 112. 

Bristol, 112. 

Chester, 111. 

. cleansing, 133. 

. Commissioners' rules for form- 



ing drains, 163. 

connections of, 131. 

construction of, 130. 

contents of, 16. 

depth of, 120. 

dimensions of, 109. 

estimates for, 62. 

flushing, 43. 134. 

form of, 122. 

in Frome, 112. 

functions of, 107. 

in Holborn and Finsbury di- 
vision, 110. 

intercepting, 16. 

in Lancaster, 111. 

of London, 40. 

main, 106. 

in Nottingham, 111. 

outfalls 0^ 44. 

prices of, 127. 

rule for forming, 124. 

size of, 121, 

stoneware pipe, 126. 

Swansea, 112. 

Westminster division, 110. 



112. 114. 
Sevese canal at Milan, 24. 
Sites of towns, classification of, 7. 



Situation of London, 9. 
Size of sewers, 121. 
Steam draining plough, 183. 
Stephens on irrigated meadows, 26. 
Stephenson's evidence, 60. 

report on drainage south 



of Thames, 66. 



of Thames (Appendix), 190. 
Stoneware pans, 173. 

pipe sewers, 126. 



• north 



" Storm waters," 117. 
Street-cleansing, 99. 136. 

debris, 104. 

proportion, 100. 

refuse, 102. 



— sweepings, 103. 
- sweeping in Manchester, 106. 



Supply of water, 1. 72. 

'■ — to dwellings, 146. 

in London, 76. 

— to manufactories. 



146. 



at Preston, 76. 78. 
to public buildings, 

147. 
Surrey and Kent drainage, 68. 
Surveyor's report, 65. 
Swansea sewers, 112. 
Sweepings of streets, 103. 
Taylor's pumping-engine, 141. 
Terro-metallic pipes, 176. 
Thames, drainage south of the, 68. 
the grand sewer of London, 

10. 
The New Biver, 137. 
Towns on tidal rivers, 1. 

relative levels of, 6. 

Town-sewage, quality of, 6. 
Trapping drains, 168. 
Tubular drains, 126. 
Tunnel schemes : — 

Martin's, 28. 

Wicksteed's, 36. 

Phillips's, 47. 

Forster's 60. 
Use of rain-water, 161. 

sewage at Ashburton, 28. 

Mansfield, 28. 



for market gardens. 



31-34. 
Uxbridge, supply of water, 87. 
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Value of I 



^ 8. 17. la, 19. 



a canal at Milan, 24. 
Watar^Ioaeta, 170. 
Water Companies in London, 97. 

eonttant fenriGe o^ 95. 149. 

eonveyanoe of, 186. 

'— cost of pompingiy 141. 
— high lerriee o^ 98. 
— ^— imporitiea in, 74. 

pipes, rule for itse o( 140. 

power from riTeri, 14. 

qoalitiet of, 73. 

rapply* 1. 72. 

Athton - under - Lyne, 



79. 



79. 



Bath, 85. 
Bilston, 85. 
Chatham, 87. 
Chorlton-on -Medlockf 

Croydon, 88. 



Water ni^y, Dartfiivd, 88. 

Ghreenock, 83. 

Liverpool, 84. 

London, 76. 96. 

Manchester, 83. 

Newcastle - under 



Lyne, 85. 



Nottingham, 83. 

Preston, 75. 78. 

Uxbridge, 87. 

York, 80. 

Westminster sewers, 110. 112. 114. 
Whitworth's stree^cleansing machine, 

105. 
Wicksteed's report to Metropolitan 

Sewers Commissbn (Appendix No. 

4), 197. 

tunnel scheme, 85. 

Wooden pipes for water, 139. 
York, geology of, 81. 

snpply of water, 80. 
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